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_ FOREWORD

It is essential that the Department of the Navy be prepared to adopt
advances in instructional technology to meet operational requirements and
to achieve maximum benefits from these advances. The application ofs
computers to instruction appears to be an area of instructional technology
that holds particular importance and promise for improvements in training
efficiency and effectiveness. Accordingly, it is the intention of the
Navy Personnel Research and Development Center to review periodically the
state-of-the-art of computer applications in instruction., The present
report is intended to be current for' the last quarter of calendar year
1974, ' )

JAMES J. CLARKIN ~~——
Command Officer




Problem

Background

§

Findings and Conclusions '~ ' 8

SUMMAﬁY

Required levels of personnel readiness are highly dependent on Navy
education .and training programs. It is therefore essential that the
Navy be prepared to adopt advances in instructional technology that
promise major improvements in.training efficiency and effectiveness.
Accordingly, research and development has been actively supported,
particularly -under Advanced Development Objective 43-03X, to test
and evaluate new advances in instructional technology including an
emphasis on computer aids in training, .As a necessary part of this

effort, the Navy Personnel Research and Development Center period-

ically.reviews the state-~of~the~art of computer applications in
instruction. The present report is one of .these reviews and is din-~
tended to be current for the last quarter of calendar year 1974

2

This report updates information on various developmental efforts in
computer~based training and proyides information on new -developments

that may havée implicatlons for Nayy training, Although projects in the
military services are emphasized, major developments in thé civilian
‘sector are also reviewed, The range of activities considered emphasizes
the use of -computers for teaching, and includes a wlde variety of computer
aids to instruction.

t

Aggroach

Information for -this report was gathered from reports supported under

ALO 43-03X and from a continuing survey of other developments in computer-
base.! instruction. The information is organized under five major topic
areas: military activities, civilian activities, systems developments,
current Issues In Instructional design, and state-of-the~art and Navy
training needs. An overview is provided for each -of the major topic
areas as well as for many subtopic areas. These overviews attempt -

to consolidate and characterize substantial amounts of specific in-

formation,
\\

The use of computer-based training in the milita s developed a
momentum that makes its continued expansion veryrxikely. However, sys-
tematic research into the economic, technological, and pedagogical

impact of computer-based training ‘has lagged behind its operational
implementation., There is a strong, but not exclusive, emphasis inm the
Alr Force on plasma panel technology. The major Air Force research -
effort centers on the Advanced Instructional System being developed by
the Human Resources Labozatory at Lowry Alr Force Base. In the Army,
there 1s an emphasis on immediately practical and specific, asPects of
training and on the use of selfwgufficient military instructors to author

7
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computer-based training, The major research effort in the Army centers
on the development of a Computerized Training System by project ABACUS.
In addition to this project, there is a wide and varied use of computers
to support training in the Army. The Navy has a substantial commitment
to computer-based training, but it has not focused on a single large
project as have the Alr Force and the Army. The Navy's emphasis is on
research and development of a varlety of techniques. .

The use of computerhbased training in the civilian sector continues

to expand despite diminishing federal support. As in the military,

many civilian applications have been rushed into operational environ-
ments without systematic empirical investigations of the assumptions
underlying the implementations. However, significant successes have
been achieved using computers in instruction, Conclusions common to two
major reviews of civilian activities are: (1) computer-based training
is at least as effective a@ traditional training, (2) more experience

is needed with improved and more imaginative applications of computer-
based training, (3) the success of computer-based training appears to
be increasingly less dependent on hardware costs and opportunities should
exist for -substituting capital for labor as the costs for technology
relative to labor continue to decline, and (4) there is a need for long-
term evaluations of 'sustained computer-based training proiects.

Two systems developments that directly affect CAI are the emergencé

of new computer terminals and new communication techniques. Although
improvements in imain-frame hardware, memory, and peripheral storage
devices may provide major breakthroughs with immediate implications- for
computer~based training, the gradual development of terminals and commumi-~
cation techniques continues to hold current releyancy ﬁor reductions

in costs and increases in efficiéncy. J
7

"Issues in computer-based training are complicated by competing inter-

pretations of what this type of training should do. The followin
issues were identified and discussed on the basis of the substantial
attention they are currently receiving: (1) computerhmanaged instruc~
tion, (2) use of models, (3) student control, (4) authoring and author .
languages, and (5) cost of materials preparation. .
Special requirements are placed oa the characteristics of training
systems designed to meet Navy needs. These systems must be (1) cap-
able of decreasing training costs, (2) distributed, (3) portable, and
(4) relatively instructor free. If computer-based training systems can

‘be designed to meet these requirements, they should provide a modularity .

of instruction that is uniquely beneficial to the Navy. The techniques

of optimization, student control, computer-generated instruction, and
simulation should yield improved training at a cost that is not only \
lower than the production cost of current computer-based training materials,,
but lower than many other forms of instructional materials production ')
as well. Compact, powerful, rugged, and inexpensive computer systems
are rapidly becoming a reality. These new computers can have a major ’

.impact on Navy training, as research and development provide new infor-

viij 8
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mation that will adapt them to training use with increased efficiency.

: On-line testing, test scoring, diagnostic.test analysis, record keeping,

" . optimal allocation of training.resources, and personnel guidance are

\ all functions that could be automated to some extent in support of
instruction delivery. Finally, computer—based training offers a precision

,/in evaluation and a facility in modification that is unique among

" training media. The use of computer-based training promises major

improvements in the economy and efficiency of Navy training.

L T
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INTRODUCTION

Purpose‘and Organization

The purpose of this report is- t@ identify (l)\current computer-aided
instruction (CAI) activities in the military, (2) major CAT .activities
in the civilian sector, and (3) current issues in CAI. "An attempt was.
made to previde comprehensive coverage of military CAI activities.
Civilian CAI activities were selected for their prominence, currency,
and relevance to the Navy. A broad range of CAI activities was considered;
it was not limited to the direct use of computers for teaching but included
a variety of computer aids to instruction. Distinctions among instruction, *
training, and education, although quite real, were not considered necesséry o
for .this report and these three terms are used interchangeably.

Sources

l
\

Seve; al recent surveys were helpful in the preparation, of this report.
Hoye and Wang (1973) have edited the fourth. .edition of the Index to Computer-
based Leatning. This source claims to be "the most complete and functional )
Listing of its kind anywhere" {p, vii). With 7766 entries from several /
countries\covering military, industrial, and academic applications |
this claim is not unregsonable, Two groups of scholars, one from Sweden |
and one from Scotland, have prepared evaluative overviews of CAI in the -
United States based on extensive tours of facilities in this country. |
Andersson (1973) Summarized with evaluations an& recommendations, the ;,
use of computers in schools for the Swedish National Board of Education,
and Docherty, Bain, and Watt (1973) prepared a similar report for the
Corporation of Glasgow. Jamison, Suppes, and Wells (1974) surveyed research
on the effectiveness of alternative instructional media. This survey
included instructional radio, instructional television, programmed instruc-
tion, and computer-assisted instruction. Vinsonhaler and Moon (1973)
Surveyed information systems applications in education under the categories
of computer-supported instruction, computer-aided testing, computer-managed

instruction and computer—administered instruction. Hickey (1974} surveyed
leaders in CAI to determine guidelines for computer-assisted instruction.
Rich and Van Pelt (1974) documented an invaluable survey of CAI activities
in the Army. Finally, the Navy Personnel Research and Development Center's
previous speclal report on computer applications in education and training .
(Computer Applications 1973) was an important resource for this report.

N\ N\,

N MILITARY ACTIVITIES AN

The use of CAI in the military has developed a\momentum that makes
its continued expansion very likely. However, systematic research into
the economic, technological, and pedagogical dmpact of CAI has lagged
behind the implementation of operational CAI. Feedback from operational
implementation provides both incentive and focus for follow-on research.
The rush to make CAI operational has prdduced dramatic payoffs in the
clvilian sector, and it seems reasonable to expect similar payoffs for

! : . \
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the military. However, the need for systematic empirical support of CAL
practice remains, and its importance and utility can only increase as CAI
recelves increasing support. .

Caution is necessary in interpreting labels and catch phrases used
to identify CAI activities. These labels are so general that two instal-
lations claiming exactly the same CAI activities are likely to be prac-
ticin~ quite different forms of CAIL. .

Alr Force -

i ! There is a strong, but not exclusive, emphasis in the Air Force on
plasma panel technolegy .in CAL, At Chanute and Shepparxd Air Force Bases,
this emphasis involves direct use of the PLATO (Progranr . fox
Aqtomated Teaching Operation) system based at the Unive 3. tllinois.
At{ Lowry Alr Force Base, the emphasis involves the design aud implemén~
tation of a new computer system to support plasma panel icrminals. How-
ever, despite the use of plasma panel terminals by all thres locatioms,
the philosophy and Impact of each installation's CAI activity are distinct.
\

Lowsv Alr F&rce Base ~ Advanced Instructional;;ystem (AIS).

AIS 1s an advancedudevelopment of the Alr Force Human Resources
Laboratory, Technical Training Division, and it represents the major effort
by the Air Force in CAIL, AIS was discussed by NAVPER&B&DCEN (Computer
Applications, 1973), Rockway and Yasutake (1974), and.a training bulletin
(Technical Training Division Bulletin, 1974), The recept references in-
.dicate that AIS will support individualized, instruction in four, rather
than three, courses: Inventory Management, Material Facilities Weapons
Mechanie, Precision Measuring Equipment. Milestones for QIS and these
four courses are: )

-

. AIS computer installation \Feb 7ﬁ‘///
. Coursg materiald for Inventory: S
Management and Material Facilities Nov 74

. Initial CMI capability Noy 74 \
. Initial CAI capability - - Feb 75 !
. Course Materials for Weapons Mechanic Apr 75 \
. Course Materials for Precision ) \‘ \

Measuring Equipment Feb 76 :

A
\
Seyen major subsystems for AIS have been identified:

. " Instructional materials \
. Instructional strategles ‘
. Media

+ Computer software

. Computer hardware

. Personnel and trainlng—-

. Related subsystems N

_—
SN
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The coﬁpract for implementation of these subsystems was awarded to MNcDonnell-
Douglas Corporation, for the period May 1973 through May 1977, for an
estimated $979.million.

\.‘»

\ The emphasis in-AIS is on full~scale instructional systems design
to increace the cost-effectiveness of instruction using a variety of media.
The project will attempt ah optimal synthesis of current technology into
an inte~ ~ted svstem for administering and managing individualiged in~

struc . & sarge’'scale, AIS :‘epresents a major effort to, develop
a com airected multimedia system for a large centralized training

Rockway and Yasutake emphasize. that;

"... although muth of the component technology to deyelop
the ALS is largely state-of-the~art, the AILS itself is
unique in a number of respects. Pirst, it will be the
first attempt to integrate all of.the technology required
for/thé costmeffective implementation ‘of individualized
ins;fuétion on a large scale. Second, unlike most current
systems which involve a commitment to a single or limited
ntmber of approaches such as programmed instruction ...
fhe AIS will provide a capdbility for the utilization
of several available methods and media., Third, the AIS
contains within it the capacity for incorporating new
instructional and management innovations as they become
available. Fourth, inherent within the AIS is a capability
for continuously evaluating and upgrading its own cost=-
effectiveness. And, finally, the AIS is belng designed
as a total system to perform all of the instructilonal

~ system degign, administration, and managemeént functions
required to conduct a large~scale training enterprise,"

(p. 238)

Chanute Alr Force Base - PLATO IV. {

As part of the experimental evaluaéion of PLATO IV sponsored by the
Advanced Research Projects Agency (ARPA) (Computer Applications, 1973),
the Technical Training Center at Chanute Air Force Base is developing
a 12-week CAI course in special vehicle maintcnance. This project can
be characterized as adjunctive computer-based instruction for a centralized
training facility. Students are given on~line CAI ,on 22 PLATO IV terminals
interspersed with off-line, hands~on experience with yehicles. Communi-
cations between the central computer facility at the University of Illinois,
Urbana~Champaign, and 18 of the PEAIO terminals are currently supported

by microwave rather than by dedicdted telephone 1in¥si Twenty-nine learn-

ing objectives are presented on the PLATO system while the remainder of
the couyrse is relepated to hands+~on instruction., The Air Porce Human
Resources Laboratory will evaluate five aspects of the system: cost,
instructional effectiveness, instructional impact on management, instruc-
tional development, and human factors.




*Sheppard Alr Force Basevr PLATO 1V.

The Air Force School of Health Care Services plans to use about .
20 PLATO IV terminals to present clinical simulations to trainees for
physician's assistant., These simulations will supplement the instruction
provided by the school to about 192 students, half from the Air Force
and half from the Navy. The simulations will, in turn, be supplemented .
by direct computerized instruction in the basic sciences, so that students
may begin to use the PLATO simulation during the first few months of their
training. The project is an example of adjunctive computer~based instruc—
tion for a centralizeéd training facility., It is expected to be fully
operational with all course development completed by October 1976,

~

Computer Directed Training System (CDTS).

CDIS consists of CAXL designed to provide lnstruction in the oper-
ational characteristics of the host computer system, and was described
in more detail by NAVPERSR&DCEN (Computer Applications, 1973). Current’
plans are to add courses as required by additions to ox modifications
in the host computer system. The system 1s currently operating at about
130 ALr Force bases, and it is an example of terminalnbased training for
dispersed facilities.

Army

There is an emphasis in the Army on immediately practical and specific
aspects of tralning, rather than on theoretic and general aspects. Al~
though there is substantial use of teams to author instructional material,
the use of sélf-sufficient military instructors is emphasized in authoring
matexial for CAI. This emphasis is apparent in the design of the Computer-
ized Training System (CTS), which is the major CAI project supported by
the Army. Interest in computer support of tralning is as strong in the
Army as it is elsewhere, Rich and Van Pelt (1974) indicated that 15
of the 34 Army training activities surveyed used computers in support
of training, Nine of these activities are discussed here?

Signal Center and School, Fort Monmoth - Computerized Training System
(CTs).

CTS is sponsored by Project ABACUS which was established at the
Signal School in 1972 to develop and evaluate a 128-terminal system for
eventual use in Army training activities. A Tadk Group Report (1972)
supported this activity by calling for the development and evaluation
of a large-scale CAI system as a justifiable eyolutionary step to cap-
italize on the growing potential of CAI., Project ABACUS was discussed
earlier by NAVPERSR&DCEN (Computer Applications, 1973). CTS can be char-
acterlzed as terminal-based training for a centralized facility.




- upon completion, should be technically competent 1in the

A contractor has been selected for CTS and work is progressing
on schedule, CIS has been configured as a cluster of small (PDP-11/35)
computers. One computer will serve as a systems controller for the basic
timesharing functions, one will serve as a data-base controller, and
several will be added as display controllers, one for each cluster of
32 student terminals. Although the systems controller can support a
variety of terminals and alterfate applications, the system is designed
primarily to support the CTS authoring language, CLASS I, and student
terminals consisting of video visual display units with keyboards. CLASS
I is intended to be a simple CAI authoring language that can be used by
military instructors aﬁqsz\? to 4 weeks of training.

The system supports five modes of operation: student mode, instruc-
tional programmser modeL,instructor mode, systems programmer mode, and
administration mode. The following discriptions are taken from summary
documentation on CTS (Booklet B: Concept Plan, 1973):

“Student mode. The student mode of operation is the
.most Imgportant of the five modes. The student will be taking
a course vhich is gpproximately 300 hours in length, and

o subject matter., He will be on or monitored by the system
five days a week, eight perlods a day, for as long as it
‘takes him to complete the course. Being completely self~ *.
paced, this could be as little as three or four weeks, or
as long as fifteen or sc weeks., This will depend upon the
individual student's capability. The student can skip mate-~
rial, go over the same material more than once, or be given
individual instruction by the CTS Classroom Instructor, based
on his aptitude and performance." (p. 4££§

. "To the student, 1t will appear as 1f he is the only person
utilizing the system. All key echoing and system responses
to querles will be just about instantaneous. This will be,
the case whether there 1s one or 128 students on the system
at any one time. Further, any CAI terminal will be capable
of providing Instruction from any one of the three proposed
courses, and presentations from these courses will be going
on at the same time, The student willl be completely managed
through the course by the CIS." (p. 4~5)

“Instructional programmer mode. The CTS in the Instruc-
tional Programmer (IP)  mode will permit course materialt
be entered directly ihto the system using a terminal. ﬁulk
entry of course material will be done by Instructionalv
Program Entry Specialists (IPES) inputting at near avellage
typing rate, 40 ~ 50 words per minute. The IP will /able
to edit and revise the course material on line at a téirminal.
Both the IP and the IPES will share the same set of commands
ané special function keys.' /f




"All lesson material in the system may be reviewed by
any IP using a legitimate security code ... During the lesson
creation period, access to lesson material for editing will
be made available only upon the validation of a security
code. Once the lesson materilal 1s in final, approved form,
editing will be permitted by those Specifically authorized.

A security code that? will be different from the IP's.code
will be used to secure the lesson material." (p. 7)

"Instructor mode. . The instructor in the CIS concept is
the classroom manager. He is present to provide individual
i ald to students as he is directed by the system or his own -
. knowledge of student troubles, His texminal will be basic~
ally the same as a student's with the addition of a hard~
copy output-device of some type." (p. 8)

“The system to the instructor is, therefore, his assis-
tant in managing the class, The system provides the instruc-
tor with information on how each student is progressing and
any student problems. The hard~copy device then becomes
an important part of the instructor terminal, for it will
provide him with a log of who requires assistance while he
was helping someone else, and is a means whereby he can
recelve permanent hard~copy reports on students. The terminal
will provide him with answers to queries,-and through the
use of the keyboard and proper commands, the instructor will
be able to communicate one way with any given student." (p, 9)

"Systems programming mode. The system programmers using
thelr security code can operate from any one of the con~
< figured terminals and may use more than one at. a time.
7 " Through this terminal the system programmer will be able |
/ to retrieve or alter any data stored within the system.," (p. 9) |
|

"Administrative mode. The administrative mode of the
CIS covers all administrative requirements in which student
records are inyolved. Any one.of the configured terminals
can operate in this mode, using the proper security code. >
There may be more than one administrative terminal operating
at a time. Constructed courses may be used to massage sum~
mative real-time data, reglster students or perform other
administrative type tasks." (p. 9-10)

Delivery of CTS was scheduled in three steps; (1) a display con~
troller and some system~controller peripherals were delivered to Fort
Monmouth in April 1974, (2) a 32-terminal display~controller subsystem
and some of the CLASS I software were dellvered tv Fort Gordon in July
1974, and all remaining equipment and softwere were delivered to Fort Gordon
in January 1975. The Fort Monmouth CTS equipment will be moved to Fort
Gordon and integrated into the CTS system there In early 1975.




In addition to Booklet B cited in the previous paragraphs, con-
ceptual documentation of CTS includes: (1) Booklet A: Record Formats
(1973), (2) Document A: CLASS I Language (1973), and (3) Document C:
Estimated System Use Factors (1973).

Command and General Staff College, Fort Leavenworth,

Plans for the Command and General Staff College. call for -each
student officer to become sufficiently familiar with computer terminals
and with the BASIC programming language to use the computer as a tool in
course work and in research. In this application, the computer is an
integral aspect of the curriculum, but it is primarily intended as a tool
for students, rather than for instructors. ' .

Engineer School, Fort Belvoir.

N The Engineer School uses CAI to provide instruction about computers.
ASﬁ‘Model 33 teletypewriters are used for drill and practice in two courses:
Engineering Officer Advanced, and Engineering Non-Commissioned Officer
Advanced. ' :

Infantry School, ‘Fort Bemning.

The infantry school is using computer~based tutorial simulations
of a variety of tactical situations to provide decision-making training
which is otherwise available only through participation in combat opera-'
tions. This training centers on two simulated combat options: (1) a ground
command post environment for conduct of tactical ground operations, and
(2) a command control helicopter environment for conducting airmobile

H

tactical operations. -

Ordinance Center and School, Aberdeen Proving Ground.

CAI activity at the Ordinance Center and School primarily concerns
use and evaluation of 14 PLATO IV terminals as part of the ARPA-sponsored
evaluation of PLATO IV discussed by NAVPERSR&DCEN (Computer Applicationms,
1973). The emphasis of this project is on training machinists with a
variety of proficiencies, The training techniques resemble those used
at Chanute Air Force Base in that direct PLATO-based computerized instruc-
tion is interspersed with off-line, hands-on training. Instruction is .
managed by instructors who are responsible for groups of 8 to 12 students,

©

Quartermaster School, Fort Lee. ’ T

The Quartermaster School supports a variety of simulations designed
to provide stock control and accounting training to enlisted students.
The following seven simulations are currently being usad:
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. 'COSINES = Computer Supported Inatruction for Enlisted Supply

. SIMIASS = Simulation; Theatre Army Supply System

. COSTORE ~ Computer Support for Storage, Enlisted Supply

. SIMIIM - Simulation, Wholesale Inventoxry Management

. SIMSON =« Simulation, Storage Operations Management

. CRASE +~ Cornell Restaurant Administration Simulation Exercise
. SIMPLEX ~ Similation, Petroleum Laboratory Exercise

The following four simulations are currently being developed:

SIMSAX p Simulation, Spectrometric Analysis Exercise

SIMFIN =~ Simulation, Financial Management

SIMCOM ~ Similation, Commissary Operations Management

SIMPRA -~ Simu\ation, Pipeline Route Analysis .
\ \ , , '

Additionally, six smal} NCR 500 computers provide support-unit training.

Loglstics ManagemeLt céﬁféf: Fort lee. . ‘
] \

The Logistics Management Center made the following statement, which
effectively speaks for many training organizations that have turned to -
computer-based simulations: \\

"One of the primary objectives of our Center is to train \\
our students in effective supply management. In.support \
of this objective, the question was asked, What really

makes one man, a more effective supply manager than another?"

It was found that in addition to having the necessary basic

attributes of intelligence fiexibility, adeptness, etc.,

that what made one man a better manager than another was

generally years of experience. The question we were faced

with was how could we, in the few short weeks that our

students were with us, give them years of experience. The

answer we fourld, was to use computer simulations to compress

time: thereby/giving our students what we call 'acceler—

ated experience,'" (Rich and Van Pelt, p. M-20—21)

The Logistics Management Center is using computer-based simulation
to extend the case method approach to instruction in which solutions
devised for problems that actually occurred are critiqued by students.
There are two aspect to the extension. First, in studying a case, the
student can be relatively objective, but in a simulation he is subjectively
involved. Second, because of the time compression possible under computer-
based simulation, the student is forced to live with his decision. The
consequences of his decisions may never be realized in a case-study ap-
proach because of incomplete data.

Security Agency Training Center and School Fort Devens,

The principal CAIL activity at the Security Agency Training Center
involves the Morse Code Trainer which is an on~line, real~time CAL system
providing about 260 hours of instruction for each student. The operational

8 AN

i0




i

equipment Is dlrectly connected to a dedicated computer, and presenting
stimuli, processing students responses and performance data, and responding
to instructors inputs are all handled in real time. The Security Agency
School has submitted a pronosal to ‘interface computer applications with

all instruction given at the school. .

Academy of Health Science, Fort Sam Houston.

The Academy of Health Scientes is presenting CAI on an IBM 1440
Coursewriter I system with IBM 1050 student stations. This is probably
the last system of this type in use, and it is scheduled for removal in
FY75.

Nazx

Although the Navy has a substantial commiltment to CAI, it has not
focused on a single project such as AIS in the Air Force or CIS in the
Army. The Navy's emphasis remains on research and development of a variety
of CAI techmniques. Specific applications in training are being imple-
mented, but the varilety of these applications indicates the eclectic
approach currently adapted by the Navy.

NAVPERSR&DCEN ~ PLATO IV.

Twelve terminals on the PLATO IV network are currently being used
by NAVPERSR&DCEN as part of the ARPA-sponsored evaluation of PLATO IV
discussed earlier (Computer Applications, 1973). Eight terminals are lo-
cated at the Naval Training Center, San Diego, California, and four are
located at Naval Air Station, North Island. The following five training
courses are being investigated:

1. Multimeter simulation and training. This course presents
simulation of front-panel topography and functional organization cf the
PSM~4 meter, It provides four hours of instruction on using the meter
as an ohmmeter and ammeter in Basic Electricity/Electronics School.

Evaluation with 30 students was completed during the second quarter of FY75.

2, Recipe conversion. Instruction on mathmatical solutions and
the use of job aids for recipe conversions taught in the Commissary/Steward
"A" School are presénted. The coutse provides two to three hours of
remedial training for failing students Evaluation was completed during

. the second quarter of FY75. \
\

\ 3. Low-cost trainer simulation. This work investigates the tech-

nical, operational, and economlc feasibility of PLATO IV as a low cost
'simulation trainer. The $~3A INCOS copilot panel keyboard, ball tracker,
ursor, and readout matrix display are simulated, using PLATO terminals
in place of the more expensive and less available Position Trainers.
e course currently uses 10 S-BA copilot trainees and requires one to
three hours per man. /
/
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4, Oscilloscope training through simulation. Approximately four
hours of basic oscilloscope training is provided through PLATO IV simu-
lation of important controls and functions. Evaluation of the simulation
used three classes drawn from the sonar A-1 phase of the ASW School in
the second quarter of FY75. Each class consisted of approximately 20
students, N

5. Computer-based guidance of oscilloscope training. Use of
PLATO for computerized guidance of hands-on training is being investigated.
Several techniques for oscilloscope training are being evaluated using
forty subjects from Basic Electronics School each of whom receives four
hours of PLATO training in place of regular training.

As indicated by a NAVPERSR&DCEN training development plan (Technical
Development Plan, 1974), significant problems have been encountered in
the PLATO IV evaluation. These problems were directly related to peripn-
eral components 'of the PLATO terminal and to the TUTOR language.

It was impractical to use the slide selector, touch panel, and/or
audio device in many of the resgérch studies, Although slide selectors
were delivered with each terminal, no documentation was provided to guide
in the preparation of art work or photographs for microfiche. In several
instances the use o.” microfiche visuals was decreased or discontinued
af ter numerous fail ixres to achieve acceptable quality in visual acuity
and/or color tone, Touch panels and audio components were not provided
with the originally installed terminals, and their delivery dates were
not available for planning milestones. With less ‘than six months remaining

. of the three year project, only three of the 12 terminals had touch panels

installed., The single audio device designated for the site was received
during the last 12 months of the project, and there has -been little docu-
mentation provided on methods and techniques for its use.

Finally, the TUTOR language was not stabilized, standardized, or
adequateiy documented during the first half of the project. Most documen-
tation was maintained on-line in PLATO lessons and could only be studied
at a terminal. The amount of time spent learning new codes and changing
old programming for compatibility with new codes freatly reduced the
efficlency of programming materials. #

Despite these problems, use of the plasma panel terminals, availlable
touch panels, and limited slide-selector visuals is expec.ed to provide
an adequate -evaluation of the PLATO IV technolog}gg%/capabilities.
O és ok ‘.}(.

Shipboard Computer Training Applications.

The use of computers aboard ship for instruction and training admin-
istration purposes has been discussed in earlier reports (Flint and Graham,
1971; Computer Applications, 1973). This effort is currently being pursued
by NAVPERSR&DCEN. ' The project addresses the feasibility of using mini-
computer systems aboard combatant ships for instructional and training
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administration purposes, The project .can be char%cteZized as computer-
directed multimedia training for dispersed facilities. For the instruc-
tional knowledge and skill applications, General Damage Control has been
gselected for prototype development and test and evaluation.

, ,

Instruction will be in the computer~integrated instruction (CII)
mode (consisting of off~line, self~paced instructilon) and on~line testing,
both under computer management, The CII application is expected to consist
of about 25 hours of off-line instruction and five hours of on~line test-
ing. The off~line media include programmed instruction, audio, sound-on-
slide, and gelf-study guides. The five hours of testing will be done
on~line at CRTs or off-line as physical demonstrations of proficiency.
0ff-line test results will be entered into the computer system.

A Shipboard Training Administration System (STAS) application is
also’ being developed. Ohe purpgse of training administration is to assure
that shipbdard training programs are managed effectively by coordinating
training schedules, training resources, and persomnel resources. Other
purposes are the career advancement of individuals and the operational
readiness of individuals and teams. Currently these functions require
substantial amounts of data and information to be processed manually.
Significant gains in efficiency will be achieved if, under STAS, this
information can be processed by computer. .

The prototype CII and STAS applications are being developed ashore
with contractual support. They will be installed aboard the demonstration
ship, USS DAHLGREN (DLG-~12), in January 1975. Shipboard test and eval~
uation will be accomplished jointly by NAVPERSR&DCEN and COMCRUDESLANT,
with OP~91 (Information Systems Division) support. The shipboard minir
computer system hds been installed. Quelified ADP persomnel have been
assigned to the DAHLGREN to expedite this project and related projects.
COMCRUDESLANT'will designate a sister ship to serve as a control for
empirical comparison. Aboard the control ship, General Damage Control
training and training administration will be accomplished in the conven-
tional manner without computer assistance.

North Island Naval Air Station.

Starting early in 1975, approximately 15~20% of the training given
to S-3A air érews at North Island Naval Alr Station (NAS-NI) will be!
presented o0y a TICCIT (Time~Shared Interactive Computer—Controlled
Informatlon Television) system. The project is intended to provide ter-
minal-based training for a centralized tralning facility. Negotiationms.
leading to implementation started early iIn 1973 with a survey by NAS-NI
personnel of available CAI systems. TICCIT was selected on the basis
. of cost, system size, and the availability of contractor personnel to assist
in the development of both CAI and non~CAI training materials. Training
objectives, learning hierarchies, and lesson specifications were completed
in 1973, followed by the development of individual training segments.

Alr crew training started in July 1974, substituting workbook sequences
for tralning areas identified as Best~8uited to CAI,

x
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The TICCIT system was installed at NAS-NI in January 1975, and
will be operational with 32 student terminals by May. Eventually, it is
aiticipated that 30% or more of the total training for the 5-3A crews will
Le presented in the CAI .mode.

Following a job task analysis by NAVPERSR&DCEN, NAS-NI personnel
were assisted by the contractor in developing learning hierarchies, lesson
specifications, and lesson content. NAS~NI is currently processing the
CAI materials in the TICCIT format (generalities, instances, practice,
helps) for final review and packaging, with encoding of the lessons to
be accomplished by the contractor following installation and acceptance
testing in Pebruary 1975.

. Assuming that behavioral objectives, learning hierarchies, and.
generalities pertaining to the objectives are already prepared, and that
some current lesson materials may be converted to TICCIT, it is estimated
that the cost of developing the courseware will be about $1000 per student-
contact hour. Hardware costs, including purchase price and installation
charges from the contractor but excluding alterations to the buildings,
weré roughly $12,500 per terminal for the NAS~NI system. Additional
terminals, up to 128, should cost less than $1000 per terminal. With
the cost of maintenance services estimated at $15,000 per year, and assum-
ing a 10-year operational period during which the terminal use is roughly
12,800 hours per year, the cost of the system may be estimated at $6,20
per student~contact hour. This contrasts with costs reported by the
Association for the Development of Computer~Based Instructional Systems
(ADCIS) of up to $1000 per student~contact hour for exlsting services.
Current plans for the S-~3A TICCIT system are to increase the number of
segments prepared for CAI, so that the cost may be even less.

NAVPERSR&DCEN/ARPA -~ Adyanced Computér Based TrainingﬁReSearch.

The purpose of this program, which is sponsored jointly by NAVPERS-
R&DCEN and ARPA is to examine techniques for implementing computer-based
instruction in Nayy training. The four principal research areas are dis-
cussed below: . ' -

1, Computer-assisted instruction study ~ management system (CAISMS).
A contract is continuing with the University of Illinois to design, develop,
and evaluate a set of procedures for maintaining attentive study of instruc-
tional materials. The major difference between CAISMS and other CAI
projects is that materials already prepared are used, and the student
spends only a fraction of time on-line under direct computer control
(Allessi et al, 1974; Anderson et al, 1974). An empirical comparison
of CAISMS with standard instructipn in economlcs showed significant gains
in achievement for students using CAISMS. Substantial progress has been
made in developing a new version, CAISMS II, which will incorporate a
complete CMI system.




2. CAMELOT/GRAIL. Software and hardware support for NAVPERSR&DCEN
CAI simulation research is being provided under contract aith the San
Diego State University Foundation. The system includes a general purpose
CAI system (CAMELOT), an associated author language (GRAIL), and a general
purpose data recording and retrieval capability. The system supports
Tektronix graphics terminals with random access slide projectors and Votrax
volce synthesizers. This effort is unique in that it supports a macro

~ capability in a higher-order, graphics-orient=d language (GRAIL),.and

a provision for visual graphics in which a graphic "universe" is estab-
lished that can be viewed through the CRT "window" at specifiable locatlons
and levels of detail,

3. Automatic question-generation and response evaluation, Thé
purpose of this project is to explore and develop techniques for automat-
ically generating questions from textbook material. Rather than depend
on pre-stored questions and anticipated answers, these techniques should
result in a system that generates its own questions, evaluates student
responses, and devises appropriate, individualized branching sequencss
from a data base consisting solely of pre-stored, expository text. The .
current emphasis of this project 1s on generating questions from text
sentences, This work is proceeding through four stages: (1) existing
deep-structure English parsers (e.g., Winograd, 1972; and Woods, Kaplan,
and Nash~Webber, 1972) will be implemented, (2) questions generated by
human subjects from text sentences will be examined, and an attempt will
be made to identify rules for generating these questions, (3) computer
.programs that implement these rules will be written and' (4) programs to
automatically evaluate student responses to these automatically generated

‘questions will be written and empirically tested. This project 1s scheduled

for completion in June 1975.

4. Computer based assessment of job oriented training. A realistic
simulation of troubleshooting a radio receiver will be developed, using
a standard CAI terminal and a computer-controlled random access image
projector, In addition to the logical aspects of troubléshooting, the
simulation will reflect task requirements of actual troubleshooting,
including interpretation of oscillograms and use of technical manuals.
Automated performance measures will be developed and evaluated, The
effectiveness of the simulation and the troubleshooting measures will
be determined by comparing performance on simulated and actual equipment,
by comparing performance of personnel with varying skill levels, and by
measuring performance over a variety of/;ﬁoubleshooting problems.

Lesson Translator (L~TRAN). .

/

The L-~TRAN project focuses on a terminal-based system for dispersed
trairing. As described by NAVPERSR&DCEN (Computer Applications, 1973),
L=TRAN 1s a software program that éCGEpts lesson material, translates
it into computer operable instructions, and displays it on Navy Tactical
Data Systems UYA~4 shipboard consoles. There have been no major conceptual
nor methodological developments in this effort since the 1973 description
by NAVPERSR&DCEN., However, there have been appreciable improvements and
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extensions with respect to lessonware content in both the Atlantic and
Pacific Fleets. Although no systematic evaluation has been completed,
ships continue to comment favorably on the value of the program.

Marine Corps, Twenty-Nine Palms.

At the Marine Corps Communications and Electronics School, Twenty-
Nine Palms, California, CAI is being used for troubleshoot ing and other
portions of the Basic Electronics and Fundamentals course. This COPI
(Computer Oriented Programmed Instruction) system useg Uniscope 300 ter-
minals con-nected by a communication concentrator to a remote Univac 1108
computer at Corona Naval Weapons Facility.

A contlnuing contractual Tralning Improvement Program for the Marine
Air Command Control System (MACCS) maintenance and operator courses includes
plans for expanded use of COPI into other courses. Jt 1s estimated that
119 instructional hours (about one percent of the total course time) will
be devoted to computer based instruction in the revised MACCS training
courses., Additional terminals and assoclated facilities will be required
to support this expansion. )

Naval Training Equipment Center ~ Individualize’ Adaptive Training
Sys tem, )

The aim of this research is to develop a validated model for individ-
ualized adaptive training of complex tasks such as aircraft maneuvering.
Training of such complex skills has been hampered by a lack of autumated
performance measures on which to hase adaptive remediation and by a re~
liance on simple linear bypassing as the primary adaptive mechanism.

The project may aid in solving both these problems. The model will in~
corporate recent advances in computerized performance measurement, adaptive
variable control, and adaptive logics, The validated mcdel should be
available about 1976~77,

Five preliminary studies will feed into the development and vali-
dation of the final refined model. Canyon Research Group, Inc., is con-
tracted to develop an adaptive training model that incorporates recent
advances in performance measures for control movement and use of continuous
and discrete performance measures appropriate to the stage of training.

In another contract, Bolt, Beranek, Snd Newman will study interactions

of superior instructors with students as a basis for deVe10ping a training
model which dynamically adapts instruction to the trainee's changing
abilities and difficulties. Two in-house studies will attempt to solve
some performance measurement problems involving the interaction of the
Performance Measurement Interval (PMI) with the period of the phugoid
(long~period changes in pitch of aircraft). Another in-house study will
determine the best training progression from one- to two-dimensional tasks,

o

NAVPERSR&DCEN ~ Computer-Managed Instruction (CMI).

This project supports development of an integrated system for job-
specific training and assignment., Initial aspects of this project were

[P
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conducted in two phases by the Memphis branch of NAVPERSR&DCEN. The first
- phase concentrated on a computer managed system directed primarily *eward
support of the instructional process rather than toward support of admin~
dEtrative functicns, The resulting system assigns instructional materials
d tests, scores the tests, determines those topics on which the trainee
needs remediation, tracks the trainee's position within the course, eval-
uates his rate of progress, predicts his date of graduation, assigns

grades

and”provides management with roster printouts.

-i»:-..-
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) Evaluation of the management system develcped under the first phase
was accomplished in the Aviation Pamiliarization/Aviation Mechanics Fun-
damentals sequence, two preparatory courses for most of the aviation main-
tenance rating Class "A" courses at the Naval Alr Technical Training Center
(NATTC), Memphis. Results indicated that graduates of the computer-managed
gystem courses wWere more proficient than those of the conventional instruc~
tion system and required“approximately half the training time.

T
Thé Second phase tested the feasibility of such a system for pro~
viding a complete technical training sequence tailored to the 8pecific
requirements of particular jobs in the Fleet e,

The modified computer maﬂagement system developed in the second
phase was evaluated on three organizationalelevel billets in an A-7E squad-
ron: (1) Plane Captain, (2) Structures/Hydraulics Maintenance Technician,
and (3) TF41~A-2 Powerplant Maintenance Techni¢ian, The normal training

_ sequences for these three billets includes "p" Schools, "A' Schools, NAM-
TRADET (Naval Air Maintenance Training Det&chment) courses, and/or FRAMP
(Fleet Replacement Aviation Maintenance Training Program) courses. The
evaluation demonstrated that the CMI trainees required considerably less
training time (as much as 407%7) than trainees given the conventional instruc~
tion (Technical Development Plan, 1974). A follow-up study of these trainees
is underway. This project was documented by Carson et al, (1974). Although
Carson et al, discuss direct computerized ingtruction and CMI, no system-
atic, empirical comparison of these two approaches was attempted under
this project.

| U. S. Naval Academy ~ Annapolis.

Hoye and Wang (1973) 1ist 10 terminalnbased CAL courses for the
Naval Academy, representing three directions of development: (1) CAI based
on teletypewriters, (2) CAL based on the IBM 1500 system, and (3) an Office
of Education project that funded investigations of multimedia-course
. presentations. These efforts were halted)in 1972~73 in favor of a dif-
ferent approach to computer support of instruction. This approach can
be roughly characterized as that advanced by Luehrmann (1972) who suggests
. that for a technological society, computing is a form of literacy perhaps
as basic to the society as reading and writing. Computing then becomes
a fundamental resource for all endeavors of the society, including instruc-
tion. In practice, “this approach implies that instructors and students
both should learn to use a computer as a basic tool in instruction, This
approach is being followed by the Academy. Use of the computer as a tool
for students .receives as much emphasis as its use as a tool for instructors.
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The Academy has purchased a Honeywell-General Electric 635 Dargout{h
computer system which is used in about two-thirds of the courses offered.
Applications include a large continually updated relational storage system
for (1) transactions in international politics used by the Poiitical
Science Department, (2) simulation of the Eastern Coastline for train-
ing in navigation, and (3) use of graphics in engineering and weapons
systems training.
Academy personnel emphasize that their use of computers in instruc-
tion receives its current impetus and support from instructors and not
from higher-level, a priori commitments, to CAI. Roughly, the CAI efforts
at the Academy can be characterized as adjunctive computer based instruction

- for- é’EE;tralized facility

Office of Naval Research (ONR).

ONR 1s continuing to support investigations of cognitive processes
and their application to training Navy .and Marine Corps personnel. The
goal of this research 1s to improve student performance through better
aunderstanding of the underlying learning processes. Key issues include
the definition and measurement of learning criteria and the effects of
instruct ional sequencing and different methods of struct"ring informa-
tion on learning and remembering.

The following projects:are being supported by ONR:

1. "STATNET and FLOW - Donald Norman, University of California,
San Diego.

2. SCHOLAR - Allan CollinS, B 1t, Beranek, and Newman.

3, Improving Navy training ‘through CAI - Richard Atkinson
Stanford University.,

4, Computer-based training of performance skills - Robert Mackie,
Human Factors Research.

2

5. Training of Navy technical skills - Joseph Rigney, Unlversity
nf Southern California.

o

'6. Instructional theory related to natural language communication

. Kenneth Wexler, University of California,\Irvine.

These projects are.discussed under the civilian activities section of this
report.

CIVILIAN ACTIVITIES

The use of CAI in the civilian sector continues to grow and expand
despite diminishing federal support (Grays~m and Robbins, 1972), As in
the military, many civilian applications L.ve been rushed into fully oper-
ational environuents without systematic empirical investigations of the
assumptions underlying the implementations. With the notable exception

+
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of Merrill's (1973) discussion of the TICCIT approach, these assumptions
are rarely explicated. However, as recent reviews have indicated (e.g.,
Jamison, Suppes, and Wells, 1974; Vinsonhaler and Bass, 19723 Vinsonhaler

and Moon, 1973), significant and sometimes dramatic successes have been
achieved using computers in education and training.

The reviews by Jamison et al. and Vinsonhaler and Moon are partic~
ularly extensive and are current as of early 1973. Conclusions from these
reviews'.follow,

"Nc¢ simple uniform conclusions can be drawn about the
effectiveness of CAIL, At the elementary school level, CAI
is apparently effective as a supplement to regular instruc—
tion. There are no examples yet of- CAl's being introduced
with a concomitant change in studentwteacher ratio, which
would, for example, cover the costs of CAI. At :thé preseat
time, we can. only conclude that CAI can be used in some
situations to improve achievement scores, particularly for ’
disadvantaged students.

At the secondary school and college levels, a conserv-
ative conclusion is that CAI is about as effective as TI .
(traditional instruction) when it is- used as a replacement.
It may also result in substantial savings of student time -
in some cases,  Since the equalw~effectiveness conclusion
seems to be broadly correct for most alternative methods
of instruction at the college leyel, there should be in
the future increasing opportunities to experiment with
. gelecting the metkod of instruction In terms or costs; and

real opportunities should exist for substituting capital

for labor, especially as the relative costs of technology

in comparison to laoor decline over the next decade." {(Jamison
et al., p. 55)

In discussing educational technolugy in general Jamison et al.
conclude with the following remarks.

"First, we must examine if the savings in time exhibited
in some of thﬂ studies using PI (programmed instruction)
or CAI can be shown to be significant over longer periods
and for a higher percentage of the total instructional
program of students." )

"Second, we do not yet have an appropriately detailed
evaluation of the impact of the various technologies on
the long~term motivation of students. i

"Third, the long~term effects of individualization and
the privacy of learning characteristic of some technologies
also need more exten:ive evaluation. We do not know, for
example, whether students who are given highly individualized
programs in the elementery school for most of their instruc-
tion will strongly prefer the continuation of such methods
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in secondary schoal and college or whether they will desire
+ to return as t:hey igrow older to more traditional forms. of

‘Instruction. . N
"Fourth, it has been indicated at a number of points \

in this review that most evaluations, ‘particularly those
considered well controlled, compare TI (traditional instruc~
tion) to a form of IR (instructional radio), ITV (imstruc-
tional tclevision), or CAI that closely emulates TI. It

is at least plausible that many of the conclusions of this
survey would be overturned were more Imaginative uses of

the media explored, which still permit: comparat:ive evaluation,"

"Most of the educatilonal t:echnologies we have surveyed
in this article have a relatively recent history, Even
though there 1s already a fairly extensive literature on
thelr evaluation, it would be a mistake to view the present
state of that literature as anything but preliminary in

.nature. It will be many years before we have an adequately
deép assessment of the strengths and weaknesses of the
technological alternatives to traditional instruction that
. have Deen considered in this survey." (p. 58-59)

Vinsonhaler and Moon conclude theilr review with the following
observations:

"1. There is a growlng awareness of ERIC and other educa~
tional information centers. Howeyer, there still seems
to be a slowness on the part of educators to use the services
provided by such centers.

"2, An analysis of many studies seems to leave little
doubt: that when computer-administered drill and practice
48 used to augment traditional instruction in mathematics
and language, the result is increased student achievement."

"3, Evaluation of computer-managed instruction systems
used in elemeutary and high schools is limited. However,
the results of studies. that have been done generally show
no significant difference hetween students in traditional
programs and those in programs using computer-managed instruce
tion. The crucial test will be whether improved versions

of such syl\stems will result in significantly better student .
- achievement," .
"i, There have been a number of m:jor studies related .

to computer—~administered counseling, These studles indicate
that (a) students did not mind assistance by computers,
provided that counselors were involved, and (b) in almost

all programs, there appears to be no significant difference
between computer~supported counseling and traditional methods.
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Thus, economlcs and involvement of counselors become the
important factors in determinling if and when such systems
should be used."

"In addition to conclusions suggested by evaluations
of various applications, there are other observations that
seem apparent to the reviewers. First, short-term, one-shot
types of projects do not, on the whole, seem to show sig-
nificant improvement over traditlonal ways of performing
the same applications., Second, the success of educational
systems applications appears to be increasingly less de~
pendent upon hardware costs and existence of sppropriate
programming languages. Third .... there appears to be
diminishing Federal support. Thus, projects started under
Federal funds will need to meet gufficlent local needs to
obtain money from these sources. TFourth, there seem to
be economic advantages to cooperative ventures that serve
a number of users in a varilety of educational applications-
This allows the distribution of good software and systems

. development over a wide base and for more total utilization
of equipment and facilitles. TFifth, there are a number
of applications that have heen accepted as cost effective.
Included are many appli~cations related to administration
and-the instructional appli~cation of test prepara-~tion and
scoring. Sixth, greater attention needs to be paid to human N
factors in the design and evaluation of many types of edu-
catfonal information systemsaapplications." (p. 306-307)

The following four conclhsions appear to be cormon to both reviews:
(1) CAT is at least as effective as traditional instruction, (2) more
experlence Is needed with improved and more Imaginative applications of
. CAI, (3) the success of CAI appears to be increasingly less dependent
for labor »g the costs for technclogy relative to labor continue to decline,
and (4) there is a need for long«term evaluations of sustained CAT projectsv

Universities.and Schools . f

University of Illinodls -~ PLATO IV. f

L ,
Althounh there is more curriculum material on the PLATO (Programmed
Loglc for Automatic Teaching Operation) system than on any other computer |
system, the PLATO project Js probably best characterized as hardware .
development. The emphasis seems to be on developing a hardware system |
supported by appropriate software that will be sufficiently responsive

to support a wide variety of CAL authors, techniques, and philosophies.
PLATO is descri} ed below. f

1, Hardware system. The PLATO IV terminal with keyboard, plasma
screen, touch panel, random~access audio and rear-projection image~
selector system, and the centrally located CDC 6400 computer system which

1
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can support PLATO terminals have been described by Alpert and Bitzer (1970),
Bitzer and Skaperdas (1971), stifle (1971}, Graham (1972), and NAVPERSR&D-
CEN !(Computer Applications, 1973). Notably, the number of terminals

to be supported by the system has dropped from an initial estimace of

4000 to 1000, Large amounts of mass memory for PLATO IV are maintained

by maghetic disks. Rapid information~transfer capability has been provided
by extended core storage. The most recent development is a prototype
auxiliary mass storage capability which can maintain a transfer rate of

10 million 60-bit words per second, (Demonstration and Evaluation of

PLATO IV, 1974). .

. Terminals are linked to the central system through voice-grade
channels. Recent equipment. development has made it possible to service
four PLATO terminals with one full-duplex telephone circuit, Cost of such
arrangements includes an installation fee and a monthly line cost. This
type of communication is active 24 hours a day on a dedicated~line basis.
Recent efforis to reduce the commmication cost have considered: omidirec-
tional nicrowave, a technique that could cost as little as 407% of the tele-
phone transmittal 1ate.

2, Software., The computer language for PLATO is called! TUTOR.
Two recent users manuals were authored by Ghesquiere, Davis, and Thompson
(1974) and by Sherwood (1974). TUTOR is a powerful language, rélative-
ly easy to learn. Linear and simple branching CAI lessons, without graphics,
can be coded at a terminal with only a few hours of study. Originally
planned as a higher-level, CAT author language, TUTOR has continued to
expand and change, At the more complex ievels of coding, it now resembles
a stanhas become too complex, that the number of commands is- excessive,
and that keeping track of all contingencies while coding is almost impos-—
sible. On the other hand, thls same complexity has made TUTOR extremely

~—flexible and useful for simu]ation and gaming. §

There is a current controversy over the best and most useful
way to accomplish PLATO coding, Two points of view are: (1) the lesson-
author must learn TUTOR and code his own materials, and (2) the lesson-
author must be familiar only with the capabilities and limitations of the
language wvith coding and entry being accomplished by a separate person
who is a TUTOR language specialist. Both methods are currently being eval-
uated.

3. Courgseware. The number of lessons available on the PLATO system
, continues to grow. The latest documentation by Lyman (1974) lists 50 -
subject-matter and curriculum areas, A listing of the number of lessons,
lesson file names, and lesson descriptions is not available. , A general
discussion of the interaction of PLATO instruction with classroom instruc-
tion was presented by Davis (1974). N
. 4. Civiiian application areas., In January 1972 the National
Science Foundation (NSF) awarded a contract to the University of Illinois
to develop and demonstrate the classroom use of PLATO in both elementary
schools and community colleges. Approximately 11 elementary schools in
the Urbana~Champaign School Districts of Illinois and five community
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colleges in Champaign and in Chicago. are participating. Educational Testing
Service (ETS) was awarded a separate contract by NSF to evaluate the
technical cost and educational effectiveness of the system (Alderman and
Mahler, 1973; Breland, Amarel, and Swinton, 1974). Final classroom demon-
strations are scheduled for late 1975 or early 1976.

5. Military applications areas. ARPA initiated a tri-service
. evaluation of the educational and economic effectiveness of PLATO IV in
several military training sites in August 1972 (Demonstration and Eval-
uation of PLATO IV, 1974), The period of evaluation runs through June
1975. ETS has bepn contracted by ARPA to perform a separate evaluation
of the military efforts.

The Army has test sites at the U. s. Army Signal Corps and
School, Fort Monmouth; U, S. Army Ordance Ceriter and School, Aberdeen
Proving Grounds; Army Research Institute; and Human Resources Research
and Development Organization. The Navy has test sites at NAVPERSR&DCEN,
San Diego and at the Navy Training Equipment Center, Orlando. The Office
of Naval Research has sites at the RAND Corporation, University of Southern
California, and Stanford University. The Alr Force has test sites at
Chanute Technical Training Center, Chanute Air Force Base; School of Health
Care Services,. Sheppard Air Force Base' and the Alr Force Human Resources
Laboratory Lowry Air Force Base. The first annual report on the military
effort has recently been completed (Demonstration and Evaluation of PLATO
IV, 1974).

Chicago Public Schools.

The largest CAI effort in the world in terms of number of terminals
on a single system and number of students receiving daily instruction
is also in Illinois. The Chirago Public Schools, under the direction
of Harry Strasburg, currently maintains a 400~terminal UNIVAC 418-III
system that will be expanded to support 800 terminals in 1975-76. This
.system provides CAIL in reading, mathematics,. and language arts to more
than 5000 students each day. An overall description and evaluation of
. this project has not yet been published. The curriculums used were de-
veloped by Computer Curriculum Corporation, Palo Alto, California.

Brigham Young University - Time-Shared Interactive Computer-Controlled
Information Television -~ (TICCIT).

. TICCIT 1s a joint development of the MITRE Corporation and Brigham

. Young University (BYU). As described by Bunderson (1973), NAVPERSR&DCEN
(Computer Applications, 1973), and MITRE (Toward a Market Success for
CAI, 1972), MITRE's responsibilities are to design and implement the TICCIT

. computer operating system, and BYU's responsibilities are to develop TICCIT
courseware. Currently four sites are scheduled to use the TICCIT system:
BYU, Provo, Utah; Phoenix Junior College, Phoenix, Arizona; Northern ;
Virginia Community College, Alerandria, Virginia; and the Naval Air Sta- 2
tion, North Island, California. The Provo, Phoenix, and Alexandria in-~ ° ’
stallations were scheduled for full operation in, Fall 1974, and the North
Island installation was scheduled for full operatiog in Winter 1975.

Y
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Despite MITRE's responsihility for Implementing the TICCIT operating
system, many of the unusual design specifications for this system have come
from the approach to lessonware preparation developed at BYU. This approach
has heen discussed by Merrill and Boutwell (1973), Bunderson (1973), NAVPERS-
R&DCEN (Computer Applications, 1973), and Merrill (1973), and will not be
detailed here. Notatly, the TICCIT project has attempted to develop a
comprehensive multimedia plan for lessonware preparation not limited to,
nor solely motivaced by, the uge of computers,

Merrill (1973} discussed four aspects of TICCIT that make it unique
among CAL projects; ~

1. Open box vs. bullt~in strategy. "The TICCIT System was designed
to have a bullt~in strategy. The author ... is responsible for supplying
the content hut does not have control over program strategy." (p. 1)

~

2. Learner content control vs. leamer strategy control. '"The
TICCIT system was designed to allow both content and strategy control.
Not only can the student decide what he wishes to see next ..., but he
can also decide what types of presentation mode he wishes to recelve as
well as to determine the sequence of presentations related to a glven plece
of content." (p. 2)

3. Adaptive system vs. adaptive students, "The primary metawobjec~
tive of a CAI system ought to be to make students system~independent.
Any student which [sic] learns gome content on such a system should leam .
how to learn with or without a systemn." (p 3)

4, Authoring languages vs. natural language authoring. '"Because
the strategy 1s built into the TICCIT system, it is feasible to have authors
prepare materials in natural language. They are constrained in that they
mst prepare certain types of displays, but these correspond very closely
with those that occur in non~CAL instructional situations." (p. 4)

Stanford University.

/ There are three aspects to this project: (1) computer-assisted
instruction in computer programming, (2) usc of linked images as a mnemonic
procedure for learning foreign language vocabulary, and (3) investigations
of optimal teaching strategies.

The computer programming course provided instruction in Algebraic
Interpretive Dialogue (AID) by presenting frame~oriented CAI and by glving
students access to an AID interpreter. Students could switch between the
CAI material and the AID interpretor at will. During the 1972~73 and
1973~74 school years, this course ran at DeAnza Junior College and at the
University of San Francisco. This work was documented by Beard, Lorton,
Searle, and Atkinson (1973) Friend, Fletcher, and Atkinson (1972), and
Friend (1973). Emphasis’ has shifted in the 1974~75 school year to a more
sophisticated instructional program in BASIC, documented by Barr, Beard,
and Atkinson (1974). The goal of this program is to increase the souphis-
tication with which the instructional program monitors a student's work
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and responds to it with appropriate hints and prompts by maintaining within
the computer a model of the subject matter and a history of his interaction
with it. A major aspect of this work is the use of algorithms for judging
‘the Semantic correctness of student programs.

Other ONR-sponsored research is evaluating the effectiyeness of
memonic procedures-~the keyword method~~for leamning a foreign lapguage
vocabulary, This/ﬁethod requires associating the foreign word wii% an .
English word that sounds like part of the foreign word and forming a mental
Image of the keyword interaction. It is hypothesized that the keyword
method could be used in a special computerized vocabulary program to sup-~
~lement the introductory language course, This could provide the student
with an individualized procedure for rapid expansion of his vocabulary.
This work has been documented by Raugh and Atkinson (1974), and Atkinson
and Raugh (1974}, , .

ONR-~sponsored research investigating optimal teaching strategies
in CAT has heen documented by Atkinson (1972, 1974), Atkinson and Paulson
(1972), Chant and Atkinson (1973), and Paulson (1973). This work has pro-
gressed from applications in simple pairedwassociate learning paradigns
to optimal strategles for item and subject heterogeneity, item and sudject
interactions, allocation of time among interrelated subject matter compon-
ents, and pre-~specified distributions of student achievement, .

Under the ausplces of the Instltute for Mathematical Studies in
the Social Sciences, Professors Atkinson and Suppes at Stanford have a-
chieved major advances in CAI. Other recent projects at the Institute
include a large CAT network of schools for the hearing-impaired (Fletcher
and Suppes, 1973; Suppes and Fletcher, 1974), use of digitized audio in
initial reading instruction (Atkinson and Fletcher, 1972), use of tele-
typewriter~based tutorial dialogue in CAT in logic (Goldberg, 1973), use
of spoken tutorial dialdgue in CAT in loglc (Danforth, Ragosa, and Suppes,
1974), use of continuously monitorad models of mastery in CAI (Suppes,
Fletcher, and Zanotti, 1973a, 1973b), and cost~performance consideration
in CAT (Ball and Jamison, 1973; Jamison, Fletcher, Suppes, and Atkinson,,
1974),

' Florida State University. !

The Center for Educational Design at Florida State University (FSU)
is acquiring a PLATO IV system. An initial installation of six terminals
1s expected by August 15, 1975, These six PLATO terminals will be inter-
faced with a bulldup of 32 per year for five years to a total of 160 ter-
minals. The system will be used primarily for CAI, with 100 full courses
planned within seven years.

Currently FSU operates a CMI system on the CDC 6500 of the Univer-
sity Computing Center, with a student lcad of about 2200 students. The
PLATO system and the CDC system will be linked and will share storage.

If the PLATO system CPU is down, the CDC 6500 will take control to service
CAL with priority over any other .operations of the FSU Computing Center.
No CMI is planned for the PLATO system. .

3
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CAL under development at FSU is, by requiremeént of the Center for
Educational Design, produced under a systematic approach. Development
involves a team of CAIL, subject matter, and dinstructional design experts.
All CAI will be instructionally validated to determine that objectives are
met. It is anticipated that as many as 48 courses will be undergoing in-
structional development at any given time, The motive for such large-
scale Cal service at FSU is to improve instruction by providing more indi-
viduals with more instructional resources. The system will be available
to students 24 hours a day, supplementing lectures and other media more
restrictedin access,

University of Texas at.Austin.

The University of Texas has a _long history of CAI development.
There are three aspects of recent work.

1. Implications of learner control for student affect. This work
invclved two Investigations: (i} an affective evaluation of student con-
trol, and (2) the extent to which effective uge of learner-~control can be
related to cognitive and affective individual dif’erences.

2, Computer-managed tngtruction, This work compares (ML with
traditional classroom approaches for presenting instruction in undergrad-
uate teacher«training.

3. Detection and reduction of test anxiety, CML involving video
tapes, modeling, reading, and CAT was used to reduce test anxilety. A
notable result was that CML by itself did not reduct test gnxiety, but that
personal contact used with CML produced a substantial reduction.

Penngylvanla State Universdty -~ Computer Assisted Renewal Education ’
' (CARE). .

The CARE project uses college~level CAL to train regular classroom
teachers to recognize the characteristlcs of handicapped children, to decide
whether specific handicaps are sufficiently severe for referral to.an edu~
cational speclalist, and to’provide diagnostic_prescriptive teaching for
preschool and primary children who are-handicapped but who are assigned
to regular classrooms. There is a current cffort_to "mainstream'" handicapped
children~~i.e., leave them in regular classcooms whenever possible. This
effort has created a national need to.train the increasingly large numbers
of regular classroom teachers who arelhot special educators, but who have
handicapped children in their classes., Rather than provide mobile teams
of Jinstructors or require teachers to attend the Pennsylvania State
University (PSU) campus for the 3 to 9 credit hours of instruction needed
to update regular teacher training, PSU has been providing the necessary
Instruction for university credit with selfw~contained CAI delivered to
_varlous sites in mobile vans, The only operational requirement for these
vans is an adequate power supply; instruction is delivered on IBM 1500
Instructional systems completely contained in the vans. Four courses are
currently being offered by the CARE project, and two more are being prepared
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for the 1975-76 school year. An evaluation of a portion of the CARE cur-
riculums was documented by Cartwright, Cartwright, and Robine (1972).
More recent documentation of CARE was presented by'Hall, Cartwright, and
Mitzel (1974).

Massachusetts Institute of Technology-~TURTLE.

The TURTLE project, directed by Seymour Papert, has not had a major
impact on CAI in terms of numbers of students, terminals, or amount of
funding. Papert's philosophy is beginning to affect many CAI projects.

This philosophy has not been expressed in a coherent and concise manner.
Basically, it emphasizes '"creative functions'" of a subject rather than

rote aspects. Rather than teach about some subject matter, we should provide
environments in which learnérs can experiment with what the subject matter
lets them do. Minsky (1970) has stated some basic notions of this approach:

/.
"-~To help people learn is to help them build, in their
heads, various kinds of computational modélﬁ.
~—~This can best be done by a teacher who has, in his
head, a reasonable model of what is in the pupil's head.

~~For the same reason the student, when debugging
his own models and procedures, should have a model of what
he is doing, and must know good debugging techniques, such
as how to formulate simple but critical/test cases.

--It will help the student to know something about
computational models and programming. 6 The idea of debugging
itself, for example, 1is a very.powerfﬁl concept — in
contrast to the helplessness promoted by our cultural
heritage about gifts, talents, and aptitudes, The latter
encourages, I'm not good at this, instead of, How can
I make myself better at 1it? !

These have the sound of common sense, yet they are not
among the basic principles of any of the popular edu-
cational schemes such as operant reinforcement, discovery
methods, audio-visual synergism, etc. This is not because
educators have ignored the possibility of mental models, but
because they simply had no cffective way, before the begin-
ning of work on simulation of thought processes, to describe,
construct, and test such ideas." (p. 48)

Generally, this project teaches children a version of computational
geometry called TURTLE geometry. Instead of using a compass and stralght-
edge to draw geometric figures, students are taught to use, and are encour-
aged to experiment with, a programmable device (the TURTLE) that maneuvers
about on paper with 1ts pen up or pen down drawing figures. 1In effect,
children experience some of the creative aspects of geometry by learning
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to program. It is doubtful that TURTLE geometry will have a major impact
on military training, but the impact of Papert's approach is already being
felt. '

University of Southem California (USC).

This project is directed by Joseph Rigney and is funded by ONR.
It is investigating the use of CAI to provide hands-on training for operator
and maintenance personnel by using adaptive, computer-based systems to
simulate equipment. The CAI system uses graphics terminals with animation
capabilities, random-access slide projectors under computer program con-
trol, and. front-panel simulators with controls and displays on-line to
sense control positions and to simulate display outputs. Recent documen-
tation of this work has been provided by Rigney (1973) and by Rigney, Towne,
and King (1974). .

Information on the TASK TEACH project at USC was included in
Computer Applications (1973), and will not be repeated here. Rigney and
Towne (1974) summarized this project.

University of California at San Diego (UCSD).

Sponsored by ONR, Donald Norman and bis associates at UCSD are
developing a network model for human memory (Norman, 1973; Norman, Gentner,
and Steyens, 1974). The goal of this project (STATNET) is to dévelop
a computer model of a tutor that will answer questions and give remedial
instruction in prescribed topics of statistics. The instructional language
in STATNET is natural English. The model is being developed by observing
student~tutor communications restricted to typewriter terminals, The 4
'system cannot yet process all student structured queries. The memory
model is being modified to provide appropriate data base definitions.

_ The goal of another project, FLOW, is to develop an automated
system to teach a simple language and, in the process, to «tudy the leam-
ing of concepts and procedures. FLOW is investigating how the computer
must model the student in order to provide effective interaction.

University of California at Irvine (UCI).

Under ONR funding, Hamburger and Wexler are investigating the
theoretical bases for a reading program for functionally illiterate young
adults, and will test the program experimentally. The goal is to improve
the performance of Navy recruits who cannot read sufficiently well to
benefit from technical training, Expected products are a theory of reading
and orthography learning, and identification of potentiil computer appli-
cations in the tutorial process. The most recent documentation of this

work was provided by Hamburger-and Wexler €1973).

The Physics Computer Development Project directed by Alfred Bork
and funded by the National Science Foundation 1s also located at UCI.
This three-part project is based on software facilities already developed
by Bork and his assoclates. Part I will provide a series of "interactive
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worlds'" programs, which gupports free interaction by students with a

. variety of phenomena. Part II involves remolding the beginning physics

course around the computer development project. Part III will investigate
ways to provide access to the project materials for other schools., This
work is expected to form a basis for a proposed Educational Technology

* Center at UCI.

Industrial . l \

Bolt, Beranek, and Newman (BB&N) ~ SCHOLAR and SOPHIE.

The BB&N SCHOLAR project, directed by Collins, is sponsored by
ONR and was discussed by NAVPERSR&DCEN (Computer Applications, 1973).
The project is investigating techniques for maintaining a tutorial dialogue
in English between a student and a computer model of a specific subject
area (Collins, Warnock, and Passafiume, 1974), These techniques have
been characterized as "mixed initiative' because dialogue exchanges can
be initiated elther by the student or the computer. What information
is presented by the computer depends on the model of the subject matter
and on the depth of information already covered by the student. The

' original system to teach geography is belng extended to embody various

tutorial strategles.

Another system, called NET-SCHOLAR, has been developed to teach
the use of the ARPA computer network. NET~SCHOLAR can provide descrip-
tional, functional, and procedural information, whereas the previous
SCHOLAR svstems dealt only with static information (Grignetti and Warnock,
1973).

Other work at BB&N, directed by Jobn Seely Brown and supported
by the Air Force Human Resource Laboratory, is a system termed SOPHIE.
Like SCHOLAR, SOPHIE attempts to endow a CAI system with some of the
symbolic knowledge, problem~solving strategles, and naturalwlanguage
capabllities of a human tutor. Unlike SCHOLAR, SOPHIE uses several rep—
resentations of subject matter and has inferencing procedures designed
for each of these representatlons. The system contains an English language
processor, a semantic Interpreter, an electronic circult gimulator, -and
a semantic network. SOPHIE can randomly generate an easy or hard fault
in a simulated circuit. The student can then ask, in English, for meas—
urements at any test point in the circuit. The computer cannot only
provide the student with simulated measurements, but it also can query

‘him about his hypotheses and check whether they are consistent with In-

formation previously given, This work has been documented by Brown, Burton,
and Bell (1974).
1

Human Factors Research, Inc.

Human Factors Research, under the direction of Robert Mackie,
is investigating the possibilities of training in digital electronics,
using inexpensive computer simulations of equipment rather than the equip-
ment itself, To measure the effectiveness of this method, performance
by students who used computer~driven laboratory displays was compared
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with performance by students who received similar instruction using hard-
copy diagrams and programmed texts. This work is documented by Dick,
Royal, Simpsom, and Mackie (1974) and is funded by ONR.

Hewlett-~Packard.

Despite the early lead provided by IBM in developing the 1500
Instructional System, the innovative work supported by Xerox Research
Corporation, and the major marketing efforts of other computer companies,
the most cormon CAI systems currently in use are Hewlett-Packard time-
sharing systems supporting Model 33 teletypewriters. Informal information
indicates that there are 6000 to 7000 such terminals currently in operation.
Hewlett-Packard markets atandard timesharing systems that support BASIC
and include CAI software padkages as purchasable options. Almost all
of these CAI packages were prepared by Computer Curriculum Corporation
.(CCC) of Palo Alto, California. The strength of the Hewlett-Packard
systems may Ke thelr flexibility, They can be used simply as delivery
devices for the CCC curriculum packages, and/or they can be used by stu-
dents, teachers, and school administrators as standard resources for
timeghared computlng.

An important development by Hewlett~Packard has been the Instruc-
tional Dialogué Facility (IDF) (Instructional Dialogue Facility, 1973).
IDF provides authors with a prompting technique for entering CAI. An
author need do nothing more than answer a series of computer-initiated
questions to produce substantial amounts of CAI, He looses considerable
control over how his material is presemted, but he needs to know very
little about the conventions (e.g., programming and coding languages)
ordinarily used for communicating with computers,

} ™

Xerox Palo Alto Research Center.

This center 1s a research and development project of Xerox Data
Systems. Researchers at the center have not had a major impact on CAI,
but their efforts are notable for what they are trying to develop, namely
the Dynabook, The Dynabook 1s a notebookw~size, batterywoperated computer
system that communicates with ilts display screen at a rate of about 3.5
million baud, supports sophisticated computer graphics such as animation
with color, and markets for about $1,000. The Dynabook may never be fully
achieved, but succesive approximations to it will be progressively inter-
esting,

Computer Curriculum Corporation. \

-

Mogt of the CAI currently in use by primary and secondary schools

_ was developed by Computer Curriculum Coxporation (CCC). The intent of

CCC curriculums is to appropriately supplement classroom presentations.
These curriculums emphasize drill and practice aspects of various subjects
to free teachers for more creative aspects of instruction. The student
terminals required by CCC curriculums are teletypewriters or alphanumeric
cathode~ray tube displays. In addition to the elementary and secondary
school curriculums, CCC has developed a veriety of remedial instruction
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for adults, such as preparation for GED examinations, and arithmetic,
teading, and language arts for adults.

SYSTEMS DEVELOPMENT

The systems activities that most directly affect CAI concern the .
development of computer terminals and communication techniques, Although
improvements in main~frame hardware, memory, and peripheral storare may
provide nwjar breakthroughs with immediate implications for CAI, “he
gradual development of terminals and communication techniques continues
to hold current relevancy for reductions in costs and increases in effi-
clency, Several technological developments concerning CAI terminals and
comnunication haye reached a level that makes their probable impact on
CAIL imminent and\\ikely. . }

\

Student Terminals

An ldeal display system that fulfills current educational needs may
be a single inexpensive storage unit for all media. Such multi~purpose
storage devices seem to be on the threshold of reality. The ultimate
may be a unit, currently planned for production within a few years, such
as a mylar video disk which uses a laser readout of up to six hours o
video and audio. ) ‘ ’

At present, however, the most common student terminals used for CAI
are teletypewriters. The limitations of these devices are sufficiently
notorlous to obviate the need for further review. However, the low cost
of teletypewriters has consistently overridden objections to their use.
This cost is no longer as inexpensive relative to other computer terminals,
as it once was. The state~of~the-art reveals. at least four terminals
that are becoming increasingly attractive as thelr costs continue to
decrease. One of thece, the plasma terminal developed by the University
of Illinols, has already been discussed in connection with the PLATO
project and the Air Force AIS project. The remaining three are discussed
below. ‘ ,

Lincoln Laboratories,

Development of the Lincoln Training System (LTS) began at Lincoln
Laboratories, Massachusetts Institute of Technology, Lexington, Massa~
chusetts, in 1969, under the direction of F. C, Frick. Progress reports °
on LTS are published quarterly by Lincoln Laboratories Technical Summaries.
Goals and directions of the project were discussed by NAVPERSR&DCEN, (Com-
puter Applications, 1973). 'The prototype LTS~3 terminal and the LTS-4
terminal under cutrent development were described by Dossett (1972).
Several feasibility studies of LTS have heen performed at Keesler Air
Force Base (A Comparison of Hardware vs. "Courseware", 1974; Keesler Telt
of Lincoln Training System, 972; Training High~aptitude Self~paced Stu-
dents, 1972). ) .
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LTS represents a major engineering effort to develop a computer-
controlled, audio-visual termi.al that presents instruction with microfiche
projection and audio, allows limited student interacticn, and recevds
student performance data. Microfiche projections ace usually phocographs
of drawings, figures, printed instruction, and questions. Student re-
sponses and interactions with the instructional material are limited to

mltiple~choice items of up to 10 selection items and numerical, constructed

answers. Punction keys include: (1) CLEAR, to erase erroneous response;
(2) HELP, for-special material (When available); (3) REPEAT, for audio;
*(4) GO=ON, to terminate a frame; (5) BACK and FORTH, to skip material
recer.:ly .covered; and (6) INDEX, to access a table of lesson entry points.
Branciing is limited to differential responding--i.e., the student's
specific answer choice can be used to branch him to different sequences

and/or different feedback statements.

. Unique in the LTS enginzering development is a nonstandard film
card (microfiche) that contains 12 yisual displays with corresponding
audio records. The audio record for each image is stored in the form
of a wide-modulated spiral sound track with a maximum duration of 28
seconds at frequencies of 300 to 3000 Hz, and tracked and read by photo

diodes, N
. .
. Several prototype LTS-3 terminals, have been constructed and used

to validate the LTS concept in an operational training cnvironment. The
terminal used a commercially developed card reader modified to incorp-
orate. the audi. «ssembly, which consists of a '"meedle" which rotates around
the stationary record in the spiral path,. Each reader contains a tray
which holds up to 750 microfiche cards (with 12 images and corresponding
audio messages per/card) that are readily accessed by the computer as

it processes student responses., A minicomputer was configured to control
and record studcnt responses for five student terminals.

Most current efforst concerns engineering development of the proto-
type LTS=4. It 1s intended to be a stand~alone, “"intelligent" terminal,
superior in design and flexibility to the LTS-~3, and not requiring an
erternal computer. The LTS-4 will contain its own logic and memory cir-
cults for processing microfiche-bound logic and student responses. The
LTS-3 750~capacity microfiche tray will be replaced by a cartridge con-
taining up to 30 fiche cards, that provide 360 images and audio messages.
Estimates in 1972 indicated the LTS-4 unit might be produced for $2,000
in mass -production.

A problem inherent in LTS audio~visual display and storage is

the custom~designed equipment required for producing the visual and audio
recordings. Editing and revision require remaking the entire iilm card.
Other problems are assoclated with mechanical random access of the images
and with st and fingerprints that degrade audio quality. Further ques-
tions refard the timeliness of the LTS six~year development program and
current s.ate~of-~the-art developments in newer and more flexible delivery
system technology--~for ex.mple, video~disk storage devices for audio and
for stationary and moving visual displays, which are randomly accessible
and coatrollable by mini~ and micrccomputer,
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Human Reao,urCes Research Organization.

The color, sensitivity, resolution, and response characteristics
of human visual perception determine the design 1imlt of a display ter-
minal, However, because higher costs have been associated with greater
performance and because R&D funds have been limited, off-the-shelf ter-
minals have fallen shor. of both design and technical limits. An attempt
to close the gap hetween feasibility and availability has produced the
CHARGE terminal system. CHARGE terminals are intended to approach the
design limit without accompanying nigh costs.

The design of the CHARGE terminal had to solve two problems:
(1) how to buffer a high resolution colored irage, and (2)\ how to decode
and display the image on a CRT. Both problerms required a low-~cost solu-
tion, The solution to the buffer problem is similar to that used in strobe
terminals for line grap.. ¢ images~-encode the image, rather| than buffer
the video., The solution differs, however, in that no limit |in the number
of future elements, called edges, ensues, as in the case of istrobe ter—
minals where large numbers of lines cause an objectionable £13 cker.
An EDGE~encoding technique permits a 4 by 10 bit image to be displayed
at the cost of a 1/4 by 106 hit huffer e key to a low~cost terminal.

The solution to the refreshing (decoding) problem required in~
novative memory architecture and data organization, as well as innovative
hardware, in order to generate video for output on a color monitor without
significant restraints in image complexity and resolution. The image
generator is a fast, intelligent data translator located in the output
data path linking the ‘central computing system to the display terminals.
Input data from :he central computing system are (1) world description,

a complex symbolic description of a reglon of finite three~dimensional
space, and (2) viewing parameters, defining an observer with respect to
this world.

The terminal has been bullt and debugged. The image generator
exists only as a FORTRAN package. Work has hegun on the design for a
hardware solution. The image resolution at the terminal is 1600 hori~
zontally and 1200 vertically, using a 5~to-~l interface raster scan. The
1200 vertical resolution was used to eliminate staircasing for nearly
horizontal edges. A new design will attempt to eliminate staircasity
at 480 vertical resolution, by smoothshading horizontally at th:z stairs.
Sp2cifications presently require a 5000~edge picture tn L generated in
1/30th gecond at a cost of $20,000 for parts and 2.7 man~months for per-
sonnel.

NAVPERSR&DCEN -~ Computer—Controlled Multimedia System.

The Computer-Controlled Multimedia System, (M) S, combines the
functional characteristics of many educational media devices, and channels
.each media type to one recelving source in an interactivz mode. The system

is being _developed to provide instructional capabilities not currently
available. The educational needs for (CM) S are related to three factors
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"1 ’effective learning situations: (1) interaction, (2) multimedia environ-
ments, and (3) individualized instruction.

Instructional effectiveness depends in part on a student's oppor-
tunity to practice, obtain further information, receive remedial instruc~
tion, receive feedback, and obtain appropriate instruction for his current
level of knowledge. With the exception of computer-assisted instruction,
educational media do not allow real-time interactionm.

"7 A second educational need is a learning environment that presents
information in various media. Educators recognize that different media
(e.g., visual stills or motion pictures, auditory messages, and tactile
information) are appropriate for different learning situations and dif-
ferent people, The cagability to mix multiple~media sources is a prime
characteristic of (CM)-<S.

The third educational need is to allow alternative selection of
media for presentation. The display system %ill allow this individuali-
zation of instruction.

-
&

The design of (CM)2S allows information from several media sources
to be channeled to a single receiving unit. The single recelving units,
raster-scan display terminals, allow use of bhroadcast and closed circuit
teléevision as well as media under computer control. In an on~line mode,

a switching unit channels the different infoxmation sources. Sources
include: (1) a video disk which displays color still frames or short
sequence motion where the motion rate may be varied, (2) a color video
tape player which can be started, stopped, or reversed under manual control
and can transmit frames to thé video disk for storage, (3) a bank of audio
cartridges which may be accessed to provide messages or narration to ac~
company visual media or may be used.separately, (4) an awndio component
which generates speech from disk-stored digital codes, and (5) computer
generated alphanumerics and graphics., Input devices include a keyboard
for alphanumerics, with special function keys to control the multimedia
invironment (such as freezing the video tape on a single frame for study),
sonic pen, graphic tablet, and touch panel. -

Communication Techniques

Factors that are often overlooked in considering the costs of CAL
are those encountered in communicating among student terminals, central
computing facilities, and data-~storage tacilities. Computer net works,
cable television, and satellite communication have all been.suggested
as possibilities for reducing this cost.

Computer Networks.

A computer network is an interconnected set of dependent or indepen=
dent computer systems which communicate with each other in order to share
resources such as programs or data, or for load sharing and reliability
reasons. Several examples of commerci:l, military, and academlc appli-
cation of networks were discussed by NAVPERSR&DCEN (Com puter Applications,
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1973). The state~of-the~art can he suggested by the advantages and prob-
lems experienced by Institutions attempting to apply this technology to
education,

/ P

. / ‘

In 1973, the School of Basic Medical Sciences of the Universityh
of Illinois at Urbana»Champaign (SEMS~UC)," received a three year grant
from the National Institute of Health for developing a computer-based
education (CBE) program within tha school's curricglum. Hody (1974) stated
that "One of the most compelling advantages of CBE is that instructiortal
materials can be widely shared among a large gro/Up of users ... One might
then expect that medical CBE would be widely used in American meiical
schools, but in fact it is Still highly experimental and to a large extent
unsatisfactory and suspect" + 243), Hody cited five problem areas:
(1) the incompatibility of’ﬁarﬂware. computer languages, and course organ-
ization, (2) poor lesson qhalit} for lack of standardized design and review
procedures, (3) poor acOessibility to catalogues, (4) redundancy gf cover-
age in topical areas and poor. coverage in others, and (5) student  frus-
tration with system malfunctiJns and bizarre requirements for interaction.

To overcome/these problems, SBMS«UC is sponsoring a mininnetwork
on the PLATO IV system, The University of Illinois Colleges of Medicine
at the Medical Center (Chicago)}, Peoria, and Rockford will participate.
Five other medical schools will be chosen from among those applying for
membership, SBMS~UC will provide: (1) the PLATO IV system, (2) program-.
ming standards, lesson planning, review and evaluation procedures, (3)
in lesson writing and review, (4) a panel of professors, students, and
medical practitioners as consultants, and (5) a pool of medical students
for a material test group.

Another network, specializing in teaching the medical sciences,
is sponsored by the Lister Hill National Center for Biomedical Communi-
cations, National Library of Medicine. Rehkopf and Katzin of the Depart~
ment of Opthalmology of the University of Pittsburgh, which has joincd
the network, acknowledge many of the problems noted above, but write
enthusiastically of the advantages. "With the availability of teaching
material on an existing communication network, we have been able to use
CAI in an actual teaching situation, evaluate CAI teaching techniques
and develop some expertise of our own without a great deal of time, dif-
ficulty and expense, Without this experiemce, our faculty and staff would
certainly not have developed the enthusiasm to make such an early com
wmitment to authoring of CAIL material" (Rehkopf and Katzin, 1974, p. 138).

Similar pro and con opinions are expressed by members of the
Michigan Educational Research Infermation Triad (MERIT) network (Fischer,
1974), MERIT is a cooperative effort of Michigan State University, Wayne
State University, and the University of Michigan, The intent of this ’
project is to create an educational network for sharing computer resources
at member schools. Effective resource sharing requires :hat arbitrary
processes in arbitrary hosts easily interact across the anetwork. ~At
present a user must know something about the operating procedures of his
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own system plus.those of the sy tem he wishes to contact. This is a
distinct disadvantage for the average user, and it will be alleviated
by the network-file access system which fs now being designed. The user
will then need to understand his own system only. MERIT publishes cata-
logues of programs and data available on the network, but these are of
limited value until the file-access system is oper-tive.

Computerized Cable Television.

Computerlzed cable television was reviewed } NAVPERSR&DCEN (Com-
puter Applications, 1973). A few cable~TV firms } e experimented with
two-way systems that connect priva‘e homes to a  .sputer center. A demon-
stration of a subscriber response system was tu be launched in March 1973
when twoe~way terminals were to be installed in 1000 of the 6000 homes
in El Segundo, California. The experiment was to be jointly conducted
by Theta Comm of California and Theta Cable. Theta Comm has since moved
to Arizona, with its future In gome doubt, but the project is still active,
though on a less ambitious scale. Ten two~way sets have been installed
in homes of employees of Theta Cable. Demonstration films are anélgble,
but technical problems remain to be solved.

Ball and Eller (1974) documented a number of technical and economic
considerations in using cable~television distfibution facilities and com~
puting equipment to support interact%ge“féle»ision systems in the home,
Three levels of Interactive system design were used to explore experimental
cost/service ratios: (1) a subscriber system In which every effort is made
to reduce equipment levels while maintain.ng a semblance of interactive
use, (2) a timesharing computer system capable of providing curriculum,
social, and commercial services to about 90 slmultaneous but independent
users, and (3) a timesharing computer system as just described, but with
homearefresh capability which reduces channel requirements and the need
for segnenting the cable~TV' gystem and which permits the full frame capacity
of a video channel to be use

Satellite Communication.\

Satellite communication\ﬁas reviewed by NAVPERSR&DCEN (Computer
Applications, 1973), and Poleyn (1973, 1974a, 1974b). Papy and Poleyn
(1973) discussed current and planned experimentation in the educational
potential of satellite communication. Economic aspects of satellite
comnunication for CAI were discussed by Ball and Jamison (1973) and by
Jamison, Fletcher, Suppes, and Atkinson (1974). Both of these papers
suggest favorable economic argumernts for CAL delivered by satellite when
instruction must be delivered to dispersed populatious.

The Natilonal Aeronautles and Space Administration is alloting
broadcast time for experiments on its Application Technology Satellites,
Series 1, 3 and 6 (ATS~1, ATS~3, ATS~6). Several major experiments have
been conducted or are now in progress.
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The state of Alagska used ATS~1l, in 1970-71, to link 21 villages
by providing two-way radio communication for inservice teacher training
and student contact with outside educators. Alaska is now engaged in
a more ambitious experiment with the ATS~6 Satellite which can broadcast
a much stronger signal. Broadcast time is being divided between education
and viewer~defined programming service, One~way video, two-way audio,
and teletypewriter capabilities are included in the educational program.
Some CAIL will be tried for mathématics and language skills in grades 1-6.
The programming service has designed pause points into the video, allowing
viéwers to use the interactive audio to ask questions, express epinions,
or suggest topics to be covered in subsequent programs.

The University of Hawali is using ATS-1 for exchange of voice,
teletypewriter, and facsimile information with its campuses and other
English speaking universities in the Pacific Basin. 7

Brazil used ATS~3 for preliminary experimentation with two-way
voice, one~way television, and two~way teledocumentation which incorporated
Xerox equipment at the teiminals. Brazil is now using ATS~6 in a four-year
experiment involving 600 schools. The curremt emphasis is on teacher
training, but will shift to student education later in the program. *

The Rocky Mountain Region experiment is using ATS~6 broadcast
capabilities in three combinations: ™ (1} one~way video with one-way audio/
digital, (2) one~way video with twowway audio/digital, and (3) two~way
video with two~way audio/digital. Sixty sités are located throughout
the eightw~gtate area in which the target audiences are individuals of
different cultural and ethnic backgrounds, Adults involved with preschool
children or adolescents interested in choosing a career are of primary
concern, Questions to be answered are:

a, What degree of learning is facilitated in each target
audience by various media mixes, assoclated programming, and
support patterns? . .- -

'b. Which media mix, associated programming, and support
patterns solicited what degree of participation by various
target audiences?

c. What are the costs associated with questions 1 and 2,
and what are the implied cost/effective alternates and trade-
offs?" (Polcyn, 1973, p. 48)

The Appalachian experiment is using ATS~3 and ATS-6. - Delivery
patterns are; (1) one~way TV alone, (2) two~way interactive audio. and
teletypewriter communications with delayed feedback for CMI, (3) two~way
interactive audio and teletypewriter communication with 1mmediate feedback
for CAI, and (4) two~way interactive audio and: teletypewriter communication
with immediate feedback and one~way IV, .
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In 1975, ATS-6 will be swung into a new orbit for an experiment
in India. It 18 estimated that 40,000 to 50,000 villages will be involved
in programming designed to contribute to family planning objectives,
improved agriculture practice, and a sense of national integration,

CURRENT ISSUES IN INSTRUCTIONAL DESIGN
Issues In CAI are complicated by competing interpretations of what
CAI should do, There is as much energy expended on discussing the role
~of CAI as there is on developing CAI techniques. The following issues
werz selected because they are currently receiving substantial attention.

Computer-Managed Instruction (CMI)

In Computer-Managed Instruction (CMI), the bulk of training is normally
off~line, although some of the instruction may be computer-based simu~
lations, computerized drill and practice, or other forms of interactive
CAI. CMI provides two basic functions: (1) support for individual stu=~
dents, including diagnostic testing and training prescriptions based on
the tests, and (2) support for training managers, which may include
scheduling students and resources, keeping records, predicting student
throughput time and achievement, and analyzing test and training data.
Testing may be either off~line, with input to the computer from an optical
scanner or from conventional means, or on~line, using an interactive ter-~
minal, The latter increases the capabilities for diagnostic testing and
specialized remcliation, but may not be cost effective for many appli-
cations becausé of the larger number of terminals required,

There ig a variety of research, development, and implementation effort
in the three services which include CMI. The Army Computerized Training
System (CTS) and Alr FPorce Advanced Instructional System (AIS) will have
CMI capabilities, The Computer~Assisted Inst-uction Study Management
system (CAISMS) sponsored by NAVPERSRANDCEN also includes both CAI and
CMI.

A six-month analytical survey and study was conducted by the Training
Anglysis and Evaluation Group (TAEG) of the Naval Training Equipment - -
Center. The principal conclusions of the study (Middleton, Papetti and
Micheli, 1974) are quoted below:

"a, There is no alternative for the Navy but to go to
MI 1if any significant number of its over 4,000 courses
are to become self paced and individualized (which is the
trend of current educational technology)." (p. 63)

b, - Preliminary tradeoff analyses made during this
investigation reveal that a combination of minicomputers
(strategically located to perform the routine tasks of CMI)
and a central computer system (for high level management
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information processing) is more cost effective than a single
large-scale centralized computer." (p. 63)

"c. A minicomputer for small, remote classes is feasible....
it is proposed that CMI training in remote sites be linked
together via land lines, 1In this concept, a greater number -
of managers and students can utilize the capabilities of
CMI and haye a more cost-effective system.," (p. 64)

"d, The use of shipboard tactical computers for managing
individual training has long been desired by the training
comnunity. However, numerous technical and logistical
problems, as well as priorities placed upon the use of
shipboard computers by higher authorities, have allowed
relatively little training via operational computers aboard
ships .... the state~of-the~art is advancing at such a pace
in the mini-~ and micro-computer field that in the near future
the market price for these systems will be such that it
will be economically more advantageous for ships to have a
dedicated system for education, rather than implementing
a retrofit program to use operational equipment and computers

‘ [or CMI." (p. 64-5)
Alt

though CAT manages instruction, and CMI can easily include CAI,
CAI and [CMI are occasionally presented as competing applications. Given
fixed resources and a specific application, a choice between interactive
computerized instruction by itself and computer management of all aspects
of the fapplication might be necessary. However, the state-of-the-art
provides no general solution to this problem, The best choice in any.
situation will depend on characteristics of the specific application.
It 18 clear from the achievement gains reported by Suppes et al. (1973a,
1973b), Vonsonhaler and Bass (1972), and others and the economic data
precented by Ball and Jamison (1973), Jamison et al. (1974), and others
that in many situations a favorable costs/benefits argument can be made

“for CAI. Presumably, thére aré many situations in which an equally

favorable argument can be made for CMI.

It should be emphasized that empirical support for the automdated pres-
criptions of CMI is either meager or absent. Ideally, CMI would prescribe
an optimal mix of available instructional media for each student that
would be appropriate for his interests and abilities and for the pusitions
and schooling available. Determining optimal mixtures of individually
prescribed instructional media is an empirical problem that the current
state~of-the~art has not solved.

Finally, many applications of CMI are evolving toward, or are using,
on-line, computerized testing. The effects of computerized administration
of standardized off-line tests on reliability, validity, and item sta-
tistics are currently little understood and require systematic investi-
gation before the promise of this aspect of CMI will be realized.
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Use of Models

Tﬁ\ great promise of CAI seems to lie in the individualization of
instruction and in the continuous monitoring of student progress (e.g.,
Suppes, 2). The former implies a need for adequate models of the
leamer, ghs the latter implies a need for adequate models of the subject
matter. In‘effect, these two models are interdependent, and there may
be little reason to distinguish between them (Fletcher, 1974). The umni- .
versal, analytic learning function long sought by psychologists has never
materialized, and models ¢f the learner are currently inadequate without
reference to some learning paradigm or subject matter. On the other hand,
a model of subject matter may be used to represent a learner when those
aspects of the subject matter that the learner has mastered are identified.
The {ifference between these two types of models may be one of emphasis.
Psy .hologists generally emphasize the learner, while investigators inter-
ested in artificial intelligence generally emphasize the subject matter.
Issues 1n using models in CAI may be clustered into four areas of appli-
cation: self-~generating instruction, simulation, mastery, and optimi-
zation. :

The most basic issues of using computers as technical aids for instruc-
tional design are addressed under the rubric of self-generating instruc-
tion. Ideally, a subject-matter specialist could engage in a computer-
initiated dialogue with a model~building program that elicits the infor-
mation it needs to develop a model of the subject matter in question.
Presumably the model of the subject matter would not have to be complete
in the technical semnse, and could reflect gaps in knowledge of the subject
matter. Once the model had been entered, the program could generate
individualized instruction for students in accordance with a pre-specified
strategy. The state-of-the~art for representing subject matter is cur-
rently more advanced than the state-of-the-~art for entering the material.
Brown and Collins and their collaborators have used artificial intelligence
techniquas to devise computer models of complex subject matter and have
progressed well beyond the stagé of first approximations. Despite a strong
_recommendation by Hickey (1974) for investigations of dialogue techniques
~ for entering subject matter, only Hewlett~Packard's Instructional Dialogue
Facility (Instructional Dialogue Facility, 1973) is a currently established
application of this technique.

the use of computer-based simulation as an alternative to manipulation
of specially built simulation equipment and/or hands-on laboratory experi-
ence has been receiving increasing attention. Computer-based simulations
have been recommended for both instruction and evaluation, but empirical -
validation of these applications is lagging behind their implementation.
0f particular importance is the question of how much fidelity must be
maintained in a simulation to preserve the integrity of the instruction .
and/or evaluation being attempted. In either case, to provide an adequate
computer-based simulation of a system, it is first necessary to devise
an adequate computerized model of it.
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The concept of mastery in t:é ning and education has been receiving
considerable recent attention. As in the case of simulation, computer-
based implementation of this approach to instruction is predicated upon
an adequate model of the subject matter being taught. The model is re-
quired before student progress in the subject matter can bg adequately
determined, Even as general a theory of student progress as that pre-
sented by Suppes, Fletcher, and Zanotti (1973a) requires, as these authors
emphasize, a detailed analysis of the curyiculum.

Finally, optimal strategies for presenting instruction are receiving
increased attention. Optimization strategies differ from maximization
strategies in that the objective is not merely to maximize student achieve-
ment but to do so subject to such constraints g costs, time available, |
student ability, and the desired distribution o post—instructlon achieve-
ment. Recent efforts to derive optimal strategiei from an amalgam of
mathematical models of memory, operations research, and research in CAI
have produced some dramatic successes (Atkinson, 19 2), but these have
occurred in limited instructional situations, These\techniques need to
be expanded to more complex instruction applications, and this expansion
will require improved models of the learner. The efféctiveness of optimal
strategies in CAI continues to depend heavily on models of human learning
from which the strategies are derived.

Student Control

The issue of student control usually concerns how much control over
CAI and/or over the computer should be given to students. One view of
CAI has been of an adaptive system that ‘would assess a student's abjlities
interests, and background and then present him with optimally appropriate
content, Another view, held by Arthur Luehrmann (e.g., 1972) and others,
is that computing is a fundamental intellectusl resource which should
be made available to students as well as instructors. A third view held
by Merrill (e.g., 1973) and others is that a primary objective of CAI
should be to help students learn to learn--with or without a computer
system. These, three views usually contrast under the headin; of student
control. Currently, this controversy appears healthy for the state-of-
the-art in CAI. All three views have capable advocates who are investi-
gating the validity of‘their approach with the net result of advancing
the state-of-the-art. . It is important to remember that these views are
merely positions; all three stand in need of economic, technological,
and pedagogical support. Some computer management of instruction is
probably necessary as well as some student control. There is little in
the state~of—the—art to argue for the exclusive application of a single
approach.

Authoring and Author Languages

The issue of how CAI material should be authored, and by whom, is
a current concern, For instance, a view espoused by the PLATO project
is that subject matter specialists should author their own CAI material
whereas a view of the TICCIT project is that CAI authoring should be
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accomplished by a team representing a subject matter speclalist, a computer
professional, and an instructional psychologist. Both views as well as
intermediary positions have been advocated and applied within the military.
At present, there is no authoring technique that is both simple enough

and flexible enmought to satisfy all users. Approaches such as the dialogue
techniques for entering subject matter offer promise, but this promise

is far from realization, and, given present investiga‘ions, will not
include specification of instructional strategy.

Cost of Materials Preparation

The cost of preparing CAI matexials remains high, but at least four
instructional technlques promise major cost reductions. Frame-oriented
tutorial techniques based on programmed instruction techniques are:likely
to remain expensive, but techniques of optimization, student control,
generative CAL, and simulation should reduce costs of material preparation.

In addition to the considerable efficiencies provided by optimization
techniques, plecemeal, ad hoc decisions do not have to be built into
instructional materials presented under optimal strategies. At any stage
of instruction, decisions for individual students are completely specified
by the generalized optimal strategy chosen for the instruction rather
than by pre-specified ad hoc decisions for a large number of choice points.
Student control techniques, as Lahey, Hurlock, and McCann (1973) suggested,
provide savings in the cost of materials prepar:tion so long as programs
using student control produce Student achievement at least equal to that
produced by programs using programmed branching techniques. As with
optimization techniques, the cost of pre~specifying decision contingencies
for numerous cholce=points can he avoided. Generative CAI should provide
savings by avoiding both the specification of decision contingencies and
the production of course items. Further, if dialogue techniques for
_entering subject matter models into generative CAI can be sufficiently
developed, many of the costs incurred In training subject-matter special-
igsts about computers and in requiring them to make detailed decisioms
concerning the material presented can be avoided. Finally, computer~based
simulation can provide a laboratory facility without expensive laboratory
equipment, a source of wide experience without the investment in time
. usually required by such experience, and CAI without pre-specified de-
cisions and curriculum items. In fulfilling these functions, computer-
based simulation promises major reductions In materials preparation costs
both for CAI‘and for imstruction in general. )

STATE~OF~THE~ART AND NAVY TRAINING NEEDS

Because of the dispersion of Navy operations, physical conditions,
space limitations, and lack of ::ggormity of equipment, special require~
ments are placed on the characteristics of training systems designed to
meet Navy needs. Training syst designed to increase personnel readi~
ness aboard ship and at dockside must be; (1) capable of decreasing train-
ing costs, (2) distributed as opposed to centralized or concentrated,
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(3) portable in the sense of mobility and compactness, and (4) relati ely
instructor free. Navy training research and development efforts musgt

provide products that allow the redesign of existing training pipelines
and the redistribution of training load with greater emphasis on enhanced
capabilities for training after assignment to Fleet billets. With regard
to these requirements, four aspects of CAL research and development are
discussed: instruction design, instryction production, instruction de-
livery, and instruction evaluation. Th& promise of CAI lies in greater
efficiency of tralning achieved through greater individualization. Through
the use of computers, greater individualization should be possible through-
out the tralning pipeline, and individualization is a primary -concern
of each of the four aspects of CAI research and development discussed.

Instruction Design

At present the major contribution of CAI to the design of instruction
has been to broaden the types of instruction that must be considered by
adequate techniques of instruction design. The use of computers contri-
butes to hoth the problem and the solution, Much more information is
needed about costs/benefits tradeoffs in CAL. ‘Current understanding of
the costs of CAI is rudimentary and superficial because most CAL efforts
are, explicitly or implicitly, prototypal. -Indications are that CAL used
appropriately will yield substantial benefits for training efficiency,
but information about how CAI achieves what it achieves is lacking., This
information is essemtial for adequate instruction design. On the other
hand, CAT contributes significantly to the solution of instruction design
problems Not only can mastery of given training objectives be assumed
for all individuals being trained, hut precise measures of the time it
will take each individual to master given objectives can be determined.
If CAI is designed to be distributed, portable, and instructor free,
these assumptions and measures should be accurate throughout the training
pipeline, and they should permit flexible redesign and redistribution
of training. In this way CAL provides a modularity of instruction that
is uniquely Benéficial to the Navy. -

Instruction Production

The techniques of optimization, student control, generative CAI, and
simulation discussed earlier should yleld improved training at a cost
that is not only lower than that of current CAI materials production,
but lower than many other forms of instruction materials production. ~
Further, because production is automated and facile, it can be easily
adjusted for different individuals, for different objectives within the
training pipeline, and for off-line as well as on-~line delivery. However,
the limitations of these techniques of 'CAI should be emphasized, The
substantial promise they offer for instruction production is generally
applicable only to very well defined aspects of training. More “Tfidormation
is needed to determine how far these techniques can be extended to th .
great variety of Navy training objectives, ﬁr’PQ\g\\
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Instruction Delivery

Compact, ‘powerful, rugged, and inexpensive computer systems are rapidly
becomlng a reality. These systems can have a major impact on Navy training,
in terms of both efficiency and adaptibility to_the training pipeline,
if research and development undertaken now provides the information nec-
egsary for their full and properru3e. Much instruction of significant,
proven value in schoolhouse settings can be adapted for these systems,
and adaptation of this gort is of unique importance to the Navy.

? .

The use of computers to support instruction delivery also deserves
emphagsis. On-line testing, test scoring, diagnostic test analysis, record
keeping, optimal allocation of training resources, and personnel guidance
for career planning are all functions that to some extent can be profit-
ably automated. The benefits that accrue from the use of computers to
standardize these functions and the concomftant reduction in personnel
now required for ‘their delivery are notable, However, further research
and development is needed, not only to refiné. the computer techniques
needed to support these functions but also to determine the practicable
limits of automating them. On one band, more information is needed, for
instance, about the implications for standard test statistics of on-line,
computerized testing. On the other hand, more information is needed about
how much test interpretation for personnel guidance should be automated.
Even if it were possible to interpret test results for an individual solely
by computer, it would be clearly undesirable to remove all human contact
from this process, The problem is to determine an appropriate mix of
computer and human contact for the interpretation of test results, and
this is primarily an empirical question for research and development. .

Instruction Evaluation and Modification

-

The precision with which training objectives can be met depends in
large part on how careéully training intended for meeting these objectives
can be evaluated and on'how easily that training can be modified to accord
with evaluative feedback‘ CAI offers a precision in evaluation and a
facility in modification ‘that is unique among the varieties of trédining
media. However, the difficulties of evaluating training effectiveness

‘are legion. Proven techniques of evaluation apply to CAI, but to what

extent they can be used appropriately is unclear, Moreover, new techniques
such as continuous predictive~control can now be applied to training
through CAIL, but, again, the promise of these techniques will be realized
only through a systematic program of research and development. In any ’
case, the facility with which training can be modified under CAI should
accelerate its potential payoffs.

Final Comment

The Office of Naval Research recently organized a research program
to study the all-volunteer Navy. In support of this study, Stanford
Research Institute (SRI) analyzed manpower policies for the all-volunteer
Navy (Battelle et al, 1973). The SRI study reached the following con-
clusions concerning instructional technology and savings in costs and
manpower currently invested in training,
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"About 20 percent of the Navy's annual investment in
manpower is in training. If instructional technology were
fully employed at its current state of effectiveness and
cost, the technical training budget would be réduced by
at least 10 percent, and the amount of manpower involved
in training would be reduced by at least 20 percent.
Comparable savings are expected in on-the-job training and
in nontechnical training. If these savings were extended
to the total annual training budget, there would be a sig-
nificant impact on overall manpower costs.

Because of the large savings that are potentially avail-
able, it is strongly recommended that the Navy accelerste
the systematic employment of computers and other training
devices within every branch of training. Beginning on a
modest scale with a few carefully selected courSes, course-
writing procedures and speclal~purpose equipment With live
training applications should be developed on shipboard and
in the field. In addition, it is recommended that a foimal
lohg~term program be initiated to elevate instructional
technology to a major trainig role over the next ten years.

- Machines should be developed that would be supportive of
.shipboard training and on~the~job training. Existing DoD '
facilities, such as the ARPA network, should be used for
carrying on workshop activities among analysts in the re~
search community, to explore the uses of shared computer '
facilities and shared large data bases, and to explore the .
use of various configurations of terminals and support
equipment." (Battelle et al., p. 66~67)

These recommendations are not unique; and the suggested benefits to
the Navy were known and understood before the SRI report. However, the
_report corroborates recommendations and benefits that seem warranted by

any survey of the staté-~of-thie~art in CAI. The success of Navy operations:

depends not only on maintaining readiness with current levels of manpower
and equipment, but in the ability to achieve an equivalent state of
readiness given the sudden increment in manpower and equipment that might
arise from a national emergency. One way to accomplish this is to become
as efficient as possible in training. The use of computers ir training
appears to hold serious promise for achieving the necessary level of
efficiency,
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